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WALKER-'WOHLFAHRTIA VIGIL AS HUMAN PARASITE 











PLATE I 

Fig. 1. — Wohlfahrtia vigil (Walk.). Larva from first case, ventral view. 

Fig. 2. — Same larva, lateral view. 

Fig. 3. — Same larva, ventrolateral view of anterior segments. 

Fig. 4. — Wohlfahrtia vigil (Walk.). Larva from second case, ventral view. 

Fig. 5. — Same larva, posterior view. 

Fig. 6. — Same larva, left posterior spiracle. 
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PLATE II 

Fig. 7. — Wohlfahrt'ia vigil (Walk.). Ventral view of puparium. 

Fig. 8. — Wohlfahrtia vigil (Walk.). Cephalo-pharyngeal sclerites, ventral 
view ; ms, mandibular sclerite ; ds, dental sclerite ; hs, hypostomal sclerite ; ps, 
pharyngeal sclerite; r, rod-like processes of pharyngeal sclerite; ph, floor or 
pharynx. 

Fig. 9. — Same, lateral view, lettering as before. 

Fig. 10.— Wohlfahrtia vigil (Walk.). Adult male. 
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WOHLFAHRTIA VIGIL (WALKER) AS A HUMAN 
PARASITE (DIPTERA— SARCOPHAGIDAE) 

E. M. Walker 

DEPARTMENT OF BIOLOGY, UNIVERSITY OF TORONTO 

On June 15, 1919, a Toronto surgeon called the writer by telephone 
and described a case of boil-like sores in an infant, from some of 
which he had removed small, whitish maggots. On my request to 
see the latter, the child and its mother were brought by the surgeon to 
my house, where the larvae were removed. 

The patient was a female infant, two weeks old, in fair condition, 
though irritable almost to the point of exhaustion. The sores con- 
sisted of twelve somewhat swollen, inflamed areas, about one to two 
and a half centimeters in diameter, scattered over the front of the 
neck and arms, palms and chest. One of the palms was particularly 
red and swollen. On each sore there was a minute and very incon- 
spicuous external opening. From these sores nine dipterous maggots 
were extracted, each from a different sore, although as some of the 
sores had been previously opened, it is possible that one or two of them 
may have contained more than a single larva. AnotheK was removed 
from a spot on the shoulder on the following day, according to the 
mother's statement, after which operation the child recovered rapidly. 

The larvae, all but two of which were more or less injured in the 
operation, were preserved in alcohol. They vary in length from 2.5 
mm. to 4 mm., but this variation is partly due to the contraction of the 
injured specimens and the considerable extension of the largest un- 
injured one. All appear to belong to the same stage, though there 
is some difference in the individual size of the head segment and 
mouth-parts. 

The sores had been noticed by the mother for the first time on the 
evening of June 13. The mother states that the baby had not been 
sleeping out of doors on that day but that the front door had been 
left open, so that the fly must have entered the house to deposit its 
young. The house is in a fairly densely populated section of North 
Toronto, but is less than half a mile from the ravine and wooded 
country in the vicinity of Reservoir Park. 
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A second case, very similar to the above," was brought to my notice 
on June 23 by a Toronto physician. The child, whose home was in 
West Toronto, was admitted to the Sick Children's Hospital on this 
date, and I visited the hospital in the afternoon. The patient was a 
female infant, eight weeks old, well grown and well nourished. There 
were fourteen lesions distributed upon the front of the neck, chest 
and anterior surface of the arms. They were of somewhat larger 
size than those of the first case, averaging about 2 cm. in diameter. 
Those on the neck were particularly swollen and inflamed. The mother 
had not observed anything wrong with the baby until three days 
previous to its admission to the hospital, when pimples appeared on 
the neck. On the twenty-second "worms were seen to come from the 
pimples." 

Each swelling had a round or elliptical opening about 3 mm. in 
diameter and from some of these larvae were squeezed out. Usually 
there was a single larva in each swelling but from one of them three 
larvae were expelled. 

When I visited the hospital some eight or nine larvae had been 
removed and placed upon raw beef in an incubator at body temperature. 
The surgeon was just completing the extraction of the remainder 
(about ten), which were kindly given to me for investigation. I placed 
them upon some raw beef in a test tube and took them home. Ac- 
cording to the hospital record these larvae varied in length from about 
5 to 15 mm. The latter measurement appears to me excessive unless 
the specimens were fully extended. 

On the following day (June 24) the larvae had greatly increased 
in size and were very active, feeding on the underside of the meat. 
One, however, had crawled a little way up the side of the tube and, 
being unable to return, had died. This was preserved in 70% alcohol. 
On the next day the larvae were apparently full grown, measuring 
about 17 or 18 mm. in length (exact measurements were not made). 
The meat upon which they had been feeding had become extremely 
putrid, so I introduced a fresh piece, but they did not touch it. 

On the morning of June 26 I removed the larvae and meat to a 
half pint jar, which I partly filled with slightly moist earth to a depth 
of about four inches. I then observed that only four larvae were 
present, all of them evidently full grown. No trace of the others 
remainied. They could not have escaped from the tube, which was 
kept upright and plugged with cotton wool, and it would therefore 
appear that they had been devoured by the survivors. This was 
unfortunate, as I had intended to preserve one or two of the full grown 
larvae. 
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On the same day I took the jar containing the larvae to DeGrassi 
Point, Lake Simcoe, where on the following morning they had com- 
menced to burrow into the earth. On June 28 two of the larvae were 
still at the surface but were becoming shorter and more oval in form. 
On the 29th all were beneath the surface, but two could be seen through 
the side of the jar and were moving somewhat actively. After this 
they disappeared from view. 

On July 4 I dug them up. All had transformed to puparia and 
were at or near the bottom of the jar. I placed them upon somewhat 
drier earth in a breeding cage. 

On July 18, about 9 p. m., I looked into the cage and saw four 
soft-looking pale gray flies with wings not yet expanded, crawling 
about the sides of the cage. One of them, while walking over the 
mosquito netting which covered the front of the cage, thrust its 
ptilinum through one of the meshes and had to be pushed back. The 
wings were not fully expanded until 11 a. m^ 

I then smeared some sweetened milk on the netting, which they 
devoured greedily. By the afternoon they were very active, running 
up and down the walls of the cage. They were readily recognized 
as Sarcophagids but had, to me, an unfamiliar appearance. I kept 
them until July 24, feeding them upon sweetened diluted milk and 
jam, which they took at all times of the day very readily, but on this 
date I found that two had died and the others were somewhat sluggish, 
so that, relinquishing the hope of obtaining fertilized eggs I killed the 
remaining two. Up to this date they had been very active. 

The larvae that were kept at the hospital were reported to have 
"grown to two or three times their former size" on June 26, but were 
unfortunately destroyed when the meat upon which they were feeding 
became very putrid. 

As in the first case the child recovered rapidly after the removal 
of the larvae, no secondary infections having developed. 

The four flies obtained consisted of one male and three females 
and were readily determined from Mr. Aldrich*s admirable monograph 
as Wohlfahrtia vigil (Walkqr) and Mr. Aldrich, to whom I sent one of 
the specimens, kindly confirmed my determination. 

The genus Wohlfahrtia was erected by Aldrich (1916) for certain 
Sarcophagid flies formerly included in the genus Sarcbphila and the 
type species W. magnifica (Schiner) (Sarcophila wohlfahrti Portchin- 
sky) has long been known as a parasite of man and various domestic 
animals, particularly in Russia, having been regarded as the European 
analogue of the Screw-worm Fly (Compsomyia macellaria Fabr.) of 
the warmer parts of America. Such habits are unknown, however, 
for the other European species of Wohlfahrtia, one of which, W, 
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meigenii, occurs also in western North America and is so closely related 
to the eastern species, W, vigil, as to be perhaps only a race of this 
species (vide Aldrich, 1916). 

Nothing has been hitherto known of the larval habits of the North 
American species of Wohlfahrtia. Concerning JV, magnifica several 
valuable papers were published between the years 1874 and 1876 by 
Joseph Portchinsky of St. Petersburg. A review of this work by 
Osten Sacken appeared in 1877 and a copy of this was very kindly 
sent to me by Mr. Aldrich. In this review is the following para- 
graph : 

"In 1875-76 Portchinski published an elaborate paper, entitled 
'Materials for the natural history of the flies which, in their larval 
stage, cause diseases among men and animals' (Trudy, etc., vol. ix, p. 
3-180, with three plates). A condensation of a portion of this paper 
concerning Sarcophila zvohlfahrti was published in the Horae Soc. 
Ent. Ross., vol. xi, 1875, pp. 123-180, in German under the title 
*Krankheiten welche im Mohilewschen Gouvernment von Larven von 
Sarcophila wohlfahrtia entstehen und deren Biologic.* In 1884 a 
monographic essay on Sarcophila zvohlfahrti appeared (Horae, etc., 
vol. xviii, p. 247-314, with 33 woodcuts), containing some new observa- 
tions and comparative descriptions of this fly and its next relatives." 

On Mr. Aldrich's suggestion and through the kindness of the 
Secretary of the Smithsonian Institution I obtained the loan of a 
copy of the former volume, in which Portchinsky describes a number 
of cases of human myiasis, caused by Wohlfahrtia magnifica (Sarco- 
phila wohlfahrti), chiefly in children under 13 years of age. In all 
these cases the larvae are described as feeding gregariously upon the 
mucous membrane and underlying tissues of the ear, nose, gums or 
even the eye, or in one case an eczematous scalp; but no mention is 
made of the larvae ever penetrating the healthy skin, as must have 
occurred in the two cases of infection by IV, vigil. In the case of 
a five year old boy who had a copious discharge of blood and pus from 
the nose there were six round openings on the upper lip, close to the 
nostrils, but these were probably not points of entrance as they ap- 
peared to communicate with the frontal sinus by way of the nasal 
cavity. The larvae would frequently come to the surface through 
these passages and would sometimes protrude considerably from the 
openings. In the cases of infection by W. vigil the scattered distribu- 
tion of the lesions, as well as the penetration of the skin by the larvae, 
seem to indicate a distinctive habit, but the apparent difference from 
W. magnifica in this respect may be due merely to the difference in 
the ages of the hosts; the healthy skin, except that of very young 
infants, being perhaps impenetrable by the young larvae of either 
species. 
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In this connection it may be worth while to record that a farmer 
residing near Port Sydney, Ont., who is also a keen naturalist, told 
me that a few years ago he had suffered from severe pains in the 
nose, accompanied by a sensation as though something were creeping 
within it, and that, after a violent sneezing fit, a large maggot had 
dropped out; after which the trouble subsided. The capture of a 
specimen of Wohlfahrtia vigil in this locality, by Mr. N. K. Bigelow, 
indicates the possibility of the larva having belonged to this species. 

While it is impossible to prove that the larvae from the first case 
belong to the same species as those from the second, the clinical 
features of the two cases were so very similar that I have no hesita- 
tion in considering them both to belong to Wohlfahrtia vigil, in spite 
of certain differences which are described below. These differences 
are not surprising in larvae which represent different stages of de- 
velopment; they are in fact less than those which occur in W. 
magnifica. 

Figures 1 and 2 represent the largest of the larvae taken from the 
first case. It measures 4 mm. in length but is fully extended and 
agrees in all other respects with the smaller larvae from the same 
case. Figure 3 is a ventro-Iateral view of the head of the same larva. 

The two lobes into which the upper part of the pseudocephalon 
(cephalic segment) is divided appear somewhat less prominent than in 
the 3 lines long larva of W, magnifica figured by Portchinsky (see 
Osten-Sacken, 11. pi. 4, fig. 1) and the mandibular sclerites (lateral 
hooks) are shorter and blunter. The anterior spiracular processes are 
much broader than long and bear 9 to 10 minute spiracular papillae, 
whereas that of W. magmfiea, figured from a 2^ lines long larva, is 
much longer than broad and terminates in only 4 papillae, which are 
long and capitate. The posterior spiracles in W: vigil at this stage, 
which is probably the second, have only two openings. 

The spinules of the trunk segments are very much smaller and 
more restricted in distribution than in W, magnifica. Those of the 
second segment (strictly the united second and third) form a narrow 
ring at the front margin and are so minute as to be invisible except 
under high magnification (Fig. 3). Those of the other segments are 
larger and visible under much lower powers, but are nevertheless very 
minute: They are arranged, for the most part, in small, subtransverse 
groups of two to four. Those of the third, fourth and fifth seg- 
ments are arranged in a single ring at the anterior margin of each 
Segment, that of the third segment very narrow, those of the fourth 
and fifth increasing in width to nearly one third the width of the latter 
segment. On the remaining segments the rings of spinules are similar 
on the dorsal surface, but more irregular ventrally and laterally. On 
the ventral surface they form a transverse patch, occupying the 



Digitized by 



Google 



6 THE JOURNAL OF PARASITOLOGY 

anterior third or more of the length of the segment and enclosing a 
transversely elongate bare area. These patches are confluent with a 
narrow band along the caudal margin of the next preceding segment, 
and the latter bands are continuous or subcontinuous laterally with 
a narrow strip of spinulqs along the front of the lateral fold. 

In the smallest larva of W. magnifica figured by Portchinsky the 
spinules are much larger and not arranged in small groups. The 
spinulose bands are much more extensive. That of the second segment 
is much wider though described as narrow, and consists of very small 
spinules. The third segment is described as being bare in the middle, 
but provided with spinules on the front and hind margins; the third 
segment is entirely covered with spinules below, except a narrow bare 
band on the hind margin and a likewise bare, triangular, elongate 
space, which lies about the middle of the segment. Segments 4 to 6 
are similar to segments 5 to 7 in W, vigil except that the spinulose 
bands are much broader and the enclosed bare area is divided trans- 
versely by a row of spinules. The two following segments are wholly 
covered with spinules, except for a narrow bare area on each and 
the lateral folds. Segment 9 is armed with spinules only on the 
anterior half, with only a few rows of spinules on the posterior half. 
Segment 10 presents almost the same pattern, except that the spinulose 
band on the front margin is narrower and the remainder of the seg- 
ment almost naked. The last segment is almost entirely naked, being 
provided with spinules only on the middle of the front margin and 
at the base of the two anal papillae. 

The single larva of W, vigil that was preserved from the second 
case (Figs. 4-6) belongs to a later stage than those from the first 
case, and though only 7 mm. long, probably shows the characteristics 
of the mature larva. The pseudocephalon is similar to that of the 
larva described above, except that the outline as seen from below is 
nearly square, the sides being parallel and the emargination of the 
front narrower. The mandibular sclerites are somewhat blunter and 
less curved. The posterior spiracles have three slits, like those of W. 
magnifica and other Sarcophagids. The anterior spiracular processes 
are like those of the earlier stage, being very short and broad, with 
an arcuate margin bearing 9 papillae. The spinules are wholly absent, 
being represented only by minute granulations which are invisible 
except under high magnification. They are difficult to see in the 
single larva preserved, but can be readily distinguished in the puparia, 
in which their arrangement is seen to be essentially the same as that 
of the spinules in the young larva {cf. Figs. 1 and 7). 

It is worthy of note that whereas in this species the spinules are 
lost during development, in W. ttuignifica according to Portchinsky, 
they increase in both number and size, as shown in two successive 
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instars described and figured on plate III of the work cited above. 
Portchinsky believes that the great development of spines in this 
species is connected with its parasitic life. If this be true it. would 
appear probable that the parasitic habit is. abnormal in W, vigil, in 
which the cuticle is even less spiny than in many muscoid larvae that 
develop in dead organic matter. 

Puparium. (Fig. 7). Length 9 to 10 mm., diameter slightly less 
than half the length ; the ends slightly flattened ; segments marked with 
narrow, slightly roughened bands having essentially the same arrange- 
ment as the spinules of the young larva (Fig. 1) ; pocket enclosing the 
posterior spiracles with a slightly raised margin. 

In order to examine the cephalo-pharyngeal sclerites, these were 
removed from the inner surface of one of the empty puparia, and 
are shown in Figs. 8 and 9. The pharyngeal sclerites (ps)* are 
united in front, both dorsally and ventrally. Each is prolonged behind 
into three processes, a ventral, continuous with the floor of the 
pharynx, widening somewhat caudad, with a narrow, thinly chitinized 
area next to the hind margin, a dorsal, slightly longer, directed ecto- 
caudad and somewhat expanded distally, and a lateral, considerably 
longer than either of the others, somewhat sinuate, with slender apices. 
The notch between the ventral and lateral processes is somewhat 
deeper than that between the middle and dorsal processes. The 
hypostomal sclerite (hs) consists of two subtriangular, ventrolateral 
plates, united by a ventral arch with the concavity caudad. Behind 
and above the arch is a pair of slender, rod-like processes of the 
pharyngeal sclerite (r), and in front of the arch is a pair of small, 
short sclerites. The mandibular sclerites (ms) are not much elongated, 
and are rather blunt and but little decurved. Their proximal half 
is stout and bears a prominent ventral tooth, with which is connected 
the small dental sclerite (ds). 

The female adults measure 10.5 to 11 mm. in length, the male 
13 mm. The male from Port Sydney, Ont., is 12 mm. long. 
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*The terminology followed here is that of C. G. Hewitt (1914:134). 
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A NEW CYSTOPHOROUS CERCARIA 
FROM CALIFORNIA* - 

W. W. CORT 
School of Hygiene and Public Health, Johns Hopkins University 

AND 

Elinor B. Nichols 
Berkeley, California 

A number of specimens of Physa occidentalis collected from Lake 
Temescal, a city reservoir near Oakland, California, were heavily in- 
fested with a new cercaria, to which the name C er carta calif orniensis 
spec. nov. will be given. The infection was localized in the tligestive 
gland of the snail. At the time that the examinations were made 
(September to December) there were found in the infected snails 
only rediae which contained cercariae. No sporocysts or rediae con- 
taining rediae were found. 

The rediae of this species vary considerably in size, ranging from 
0.5 mm. to 1.6 mm. in length and have a width equal to about one- 
fifth or one- fourth the length. They are elongate sacs, slightly nar- 
rowed at* the anterior end, and are without lateral projections. The 
body walls of a few of these rediae contain a pale orange pigment, 
the others being quite transparent. Contrary to what is usually ob- 
served in pigmented parthenitae, the pigment in this species appears 
in the immature rediae, the older ones being always unpigmented. The 
pharynx is small and the intestine extends about one-fourth of the 
total length. No birth pore is present. When the rediae are first 
freed from the digestive gland of the snail host they contract and ex- 
pand actively for a few minutes, but are unable to move from place 
to place. Cercariae and developing germ balls fill the body cavity 
of the rediae from the posterior end to the region just behind the 
pharynx. The number of fully developed cercariae contained within 
a redia varies from eight to fifty. This great variation in number can 
easily be explained since in the absence of a birth pore all the cer- 
cariae which develop must remain within the redia. 

The body of Cercaria calif orniensis (Fig. 2) is very small, 
having a length varying from 0.12 mm. to 0.18 mm. according to 
the state of contraction. The attachment between the tail and the 
body is weak, and is usually broken soon after the cercaria is freed 



♦A publication from the Department of Medical Zoology of the School of 
Hygiene and Public Health of Johns Hopkins University and from the Depart- 
*ment of Zoology of the University of California. 
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from the redia for study. While still attached to the tail the cer- 
caria was never seen to move about, but when it had broken loose 
it could locomote slowly by the use of its suckers. The body cannot 
be contracted into the tail, but always keeps the relation to the tail 
shown in figure 1 while within the redia and, when freed from the 



redia, the position shown in figure 2. The size and position of the 
various organs of the body can be made out readily from figure 2. 
The ventral sucker is slightly larger than the oral and is in the 
posterior third of the body. 

The mouth of C californiensis is on the ventral side a little 
distance back of the pointed anterior tip. There is no prepharynx. 
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The pharynx is small and is followed by an esophagus of medium 
length (Fig. 2). The intestinal ceca extend back to the level of the 
ventral sucker. 

Of the excretory system only the parts of the bladder were dis- 
tinguished (Fig. 2, bl). The undivided portion of the bladder has a 
globular enlargement containing the highly refractive concretions 
which are so comonly found in the excretory bladder of cercariae and 
agamodistomes. It is connected by a narrow tube with the excretory 
tubes of the tail. The bifurcations of the bladder were traced for- 
ward to a point just back of the pharynx. The region of the bifurca- 
tions nearest the enlargement and the tube leading into the tail also 
contain the concretions. The peculiar relations of the excretory canals 
in the tail will be discussed later. 

The tail of C. californiensis is very remarkably differentiated. 
Figure 1 shows its appearance when the cercaria is within the redia 
or just after it has been forced out. In this condition the tail appears 
as a large firm cuticular sphere (Fig. 1, s) with two short projections 
at its posterior end (Fig. 1, hk and b). One of these projections has 
the form of a cuticular beak {bk). It is entirely transparent and is 
divided into a central area which is pointed posteriorly and two lateral 
areas. The beak is so transparent that nothing can be seen of the 
ribbons (Fig. 2, r) which are later extruded from the "lateral areas. 
To one side of the beak is a bulb (Fig. 1, fc) with an opening on its 
outer surface. This bulb is loaded with excretory concretions. The 
sphere has a thick cuticular wall and is very difficult to break when 
pressure is applied on the cover glass above it. The sphere has a cen- 
tral column of living material (Fig. 2, tc) along which is folded a very 
complex cylindrical structure. The portion of the sphere between the 
central column and the wall is highly vacuolated. The posterior region 
of this body is directly connected with the column of the sphere, and 
a tube from the excretory bladder of the body extends down into 
this column. 

Soon after the cercaria is freed from the redia two flat trans- 
parent cuticular ribbons (Fig. 2, r) are extended out laterally from 
the sides of the beak. These ribbons are pointed and have no apparent 
structural differentiation. At the same time there is slowly pro- 
truded from the place where the body joins the tail sphere the long 
cylindrical projection which, in the condition indicated in figure 1, 
is folded along the column of the sphere (Fig. 1, pr). This structure, 
which will be called the excretory projection, is protruded until it 
has a length more than three times that of the body of the cercaria 
(Fig. 2, pr). The excretory projection is a hollow cuticular cylinder. 
The proximal half of this cylinder is undifferentiated, has a very 
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thin wall and contains excretory concretions. Beyond the middle 
the excretory projection appears to be jointed externally. At about 
the beginning of the distal third of the excretory projection the cutic- 
ular wall becomes much thicker, narrowing the lumen. In the first 
half of this region the greatly thickened cuticula appears to be ruffled. 
Distal to this region the lumen widens slightly and the cuticula appedrs 
to be fluted. The excretory projection ends with a dilation followed 
by a cup-like structure with a large opening at its end. The first 
half of the excretory projection and the last fluted part contain excre- 
tory concretions. The excretory projection is broadly attached to the 
posterior part of the column of the tail (Fig. 2, tc). The differentia- 
tions of the excretory projection are shown in figure 2. 

The presence of excretory concretions in various parts of the 
tail of C califormensis indicates the relation of these parts to the 
excretory system. There are two openings of the excretory system 
in the tail (Fig. 2, ep), one on the outer surface of the excretory 
bulb, and the other at the end of the excretory projection. The 
excretory bulb is directly continuous with a- tube which runs from 
the bladder of the body down the column of the tail. The lirnien of 
the excretory projection -is also directly connected with this tube. 
These connections are indicated by the presence of the concretions in 
the various structures. Movements of the concretions could be fol- 
lowed from the tube in the column of the tail into the excretory bulb. 
Excreta from the body of C. calif orniensis can escape after passing 
down the column of the taiUsphere either by the pore of the excretory 
bulb or after passing along the excretory projection from the opening 
at its end. 

Apart from the relation to the excretory system described above, 
it is difficult to suggest functions for the various parts of the tail of 
C, califomiensis. The function of the tail of a cercaria is evidently 
to aid it in that period of activity, usually including a short period 
of free life, from the time it leaves its parthenita until it is settled in 
its secondary intermediate host, its final host, or is encysted in the 
open waiting to be taken into its final host. We have no direct evi- 
dence in regard to the further development or activities of C. call- 
f orniensis. There are certain things, however, which it is perfectly 
evident that this cercaria does not do. The absence of a stylet and 
cephalic glands and the weak muscular development of the body of the 
cercaria make it evident that it does not penetrate actively into the 
next host. The absence of cystogenous glands in the body and the 
inability to withdraw into the vesicle of the tail show that it does not 
encyst in the open and wait to be taken into its next host. Finally 
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the fact that the redia has no birth pore, that the cercariae accumulate 
in the redia and that they are practically incapable of locomotion in 
the open, makes it very probable that this cercaria never leaves its 
intermediate host and continues its development in some vertebrate 
which feeds on this host. 

•There is nothing in such a life cycle which would make it possible 
to explain the complex structure of the tail of C. califomiensis in 
terms of function. The fact that in three closely related forms C, 
cystophora (Wagener, 1866), C. Sagittarius (Ssinitzin, 1911:15-19), 
and C. yoshidae* (Yoshida, 1917) the body of the cercaria can be 
withdrawn into the tail for protection suggests that this is the primary 
function of such a vesicle as the sphere of C. calif orniensis. A change 
in life cycle which eliminated the free stage and therefore the im- 
portance of this function may have led to the loss of the power of 
withdrawal into the tail vesicle without the loss of that structure. 
It is still more difficult to determine any function for the appendages 
of the tail. Ssinitsin, (1911 : 18) suggests that the various appendages 
of the tail of C Sagittarius hold the tail vesicle, which forms a cyst 
containing the cercaria, in position in the digestive tract of the final 
host until the cercaria has had a chance to get out of its cyst. Such 
a function for the excretory projection and ribbons of C. califomiensis. 
seems very improbable since in the first place this cercaria does not 
become encysted in the vesicle of the tail and in the second place the 
body is &o weakly attached to the tail that even a slight pull will 
break the connection. It is, of course, possible that these appendages 
may also represent structures which have lost their function through 
modifications of the life cycle. Finally it is very probable that struc- 
tures may develop in connection with the evolution of such a diversified 
organ as the cercaria tail which have nor function whatsoever. 

C. califomiensis belongs to a small group of cercariae which 
Ssinitsin (1911:20) named the Cystophrous Cercariae. He char- 
acterizes this group as containing cercaria which possess a vesicular 
tail with various appendages. The first cercaria of this type to be 
described was Cercaria cystophora which Wagener (1866) reported 
from Planorbis marginatus. Another cercaria which probably belongs 
to this group was described by Sonsino (1892) from Cleopatra 
bulimoides as C. capsularis, Sonsino's original description is hardly 
sufficiently detailed to make the relationship of this species clear. The 
same cercaria is later described in the immature state by Looss (1896). 
These two descriptions taken together make it pretty certain that 



* I use this name to designate the species which Yoshida describes as 
Cercaria F. 
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this form belongs to the cystophorous cercariae, but do not give 
enough data to make a detailed comparison possible. Pelseneer ( 1906) 
described two marine representatives of this group, C. appendiculata 
from Natica alderi and C. vaullegeardi from Trochus cinerarius. 
Later Ssinitzin (1911 : 15-21) described two more marine cystophorous 
cercariae, C Sagittarius from Cerithialum exille and C. laqueator from 
Rissaa venusta. Finally there should be added to this group C, 
yoshidae (Yoshida, 1917) from Melania Hbertina from Japan and C 
californiensis. While the cystophorous cercariae vary considerably in 
structural details, they have so many important points in common, 
that we consider that they form a natural group. 

All the cystophorous cercariae except C. vaullegeardi (-Pelseneer) 
develop in rediae. Mother sporocysts in which the rediae develop 
have been described for two species, C. Sagittarius Ssinitzin (1911 : 15) 
and C. cystophora (Wagener, 1866). In none of the species were 
rediae which contained rediae found and the descriptions of the two 
species of which the mother sporocysts were found, indicates that 
such a stage is not present in the life histories of the members of 
this group. The rediae are much alike having no locomotor appen- 
dages, a very small pharynx and a voluminous digestive tract varying 
from one-fourth the length of the redia in C californiensis to two- 
thirds its length in C. yoshidae. 

The body of the cercariae in all cystophorous cercariae is very small 
and the primordial adult characters are very slightly developed. This 
is indicated by the small size, the lack of clear differentiation of the 
organs and the short distance between the ventral sucker and the 
posterior end. The bodies of these cercariae lack entirely all adaptive 
larval structures for penetration and encystment, i. e., stylet, cephalic 
glands and cystogenous glands. The digestive system in those forms 
for which it has been described is much like that of C. californiensis 
(Fig. 1), except that the length of the intestinal ceca varies. The 
excretory bladder is y-shaped. 

The tails in these forms differ considerably in detail, but are all 
built on the same fundamental plan. There is present in each species^ 
a centtal vesicle or sphere as we have called it in C. californiensis. 
This is a firm structure with a thick cuticular wall which was evidently 
developed to function as a cyst into which the cercaria can be with- 
drawn into the cavity of the sphere as in C. Sagittarius, C. cystophora, 
C, yoshidae. In regard to C. laqueator and C. californiensis the state- 
ment is made that the body of the cercaria cannot be withdrawn into 
the vesicle of the tail. It is evident that this ability of the cercaria 
to withdraw into the tail would be a very important protective measure 



Digitized by 



Google 



14 THE JOURNAL OF PARASITOLOGY 

at the time of entrance of the cercaria into its next host. Besides 
the central vesicle there is found in every species of this group a 
protractile appendage comparable to the structure we have called 
the excretory projection in C. californiensis. This structure differs 
greatly in the various species and in some is not sufficiently described 
for comparison. The various other appendages which are found on 
the tails of the Cystophorous cercariae are so remarkably varied and 
grotesque that it is not only impossible to get an idea of what their 
function may be, but also there seems to be no homologies which can 
be worked out between them. 

Further development is known for only one of the cystophorous 
cercariae, C, cystophqra, which develops into Halipegus ovicaudaii4S 
which is found in the mouth cavity of the European frog. Ssinitzin 
(1905 and 1907) finds the agamodistine stage of this species free in 
the body cavity of the nymph of the dragon-fly Calopteryx virgo. 
On this account he suggests (Ssinitzin, 1911:21) that the life cycles 
of the other members of this group will probably follow the same 
course. This deduction does not seem to us to necessarily follow 
since a fundamental modification of life cycle might come to a species, 
and yet the structural adaptations for the previous mode of life might 
be retained. Certainly in the case of C. californiensis there could 
hardly be a secondary intermediate host, since it seems very improbable 
that this cercaria ever leaves its molluscan intermediary. 

SUMMARY 

1. Cercaria californiensis, a new species of cercaria from Physa 
occidentalis, has a very small body which shows no adaptive larval 
characters and but slight development of primordial adult characters. 

2. The tail of this species is very remarkably differentiated, con- 
sisting of a central cuticular vesicle, the sphere, and various projections 
and appendages. 

3. It is not possible to explain the functions of the parts of this 
tail in terms of activities of the cercaria since the cercaria probably 
never leaves the redia within its intermediate host. 

4. Cercaria californiensis belongs to a natural group, the cystoph- 
orous cercariae which are characterized by a small, very slightly differ- 
entiated body and an extremely complex tail consisting of a central 
cuticular vesicle, with various appendages. 
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ON THE NATURAL OCCURRENCE OF HERPETOMO- 

NADS (LEPTOMONADS) IN THE BLOOD OF 

A FISH, DENTEX ARGYROZONA, AND 

ITS SIGNIFICANCE 

H. B. Fantham 

Professor of Zoology, University College, Johannesburg, 

AND 

Annie Porter 
Parasitologist, South African Institute for Medical Research 

During the years 1908-1916, we were conducting researches, indi- 
vidually and in collaboration, on the life-cycles of Trypanosomes, Crith- 
idia and Herpetomonas and their significance in the evolution of dis- 
ease. After working on the life-histories of the Protozoa used by 
us, we were able to show, by direct experiment, that Herpetomonads 
and Crithidia could be inoculated into or fed to vertebrates and produce 
therein pathogenic effects resembling those of leishmaniasis. We also 
found natural occurrences of herpetomonads in mice, and in 1916 
summarized our experimental conclusions to date, when war-work 
on the diagnosis of protozoal diseases completely stopped our further 
progress. Recently (Jan.-Feb., 1919), while working at the St. 
James Marine Aquaritun, near Cape Town, we were agreeably sur- 
prised to find a Herpetomonas in the heart blood of a freshly killed 
silver-fish, Dentex argyrosona. Subsequently, the same organism was 
found in small numbers in the blood and organs of three more Dentex, 
a total of 4 out of 41 examined containing the Herpetomonas, but in 
each case the infection was scanty. 

As no mention of such a parasite in the blood of fish can be found 
in the literature available, we propose to describe the Herpetomonas, 
and to name it Herpetomonas denticis. It is true, that, morpholog- 
ically, it is somewhat difficult to separate this species from others, but 
the occurrence of physiological species' or races is known, and such 
may be the case here. New and unexpected methods of research in 
future may shed further light on physiological species ; at present we 
think that we are justified in giving a separate name to the Herpetomo- 
nas of Dentex argyrozona for purposes of reference. We regret that, 
as a result of our comparative studies, we are unable to accept a 
biflagellate character as diagnostic of the genus Herpetomonas, and 
it is also unfortunate that Lepfomonas gracilis, the type species of 
Leptomonas, has not been studied by modem methods. We therefore 
accept Butschli's (1884) definition of the genus Herpetomonas. 
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As indicated in the introduction, the herpetomonads were found in 
the blood and organs of freshly killed silver-fish, Dentex argyrosona. 
Fresh preparations of the blood taken direct from the heart were 
examined both directly and by the aid of the paraboloid condenser, and 
stained preparations of both heart blood and internal organs of the 
fish were examined. Fixation by exposure to osmic acid vapor and 
formalin vapor followed by absolute alcohol, and direct wet fixation 
with Schaudinn, Camoy or Bouin-Duboscq fluids were tried, while 
Giemsa, Delafield^s hematoxylin and iron-hematoxylin stains were used. 
The most useful preparation was one fixed with osmic vapor and 
absolute alcohol and stained with Giemsa's solution. 

DISTRIBUTION OF THE PARASITE IN THE HOST 

At no time was Herpetomonas denticis abundant in any fish that 
we examined. It was seen very rarely and with difficulty in life. 
The parasites were most often found in stained smears made from the 
heart blood of the host. A few were found in the spleen anfl liver. 
Other organs were rarely infected, though a few parasites have been 
observed in a preparation from the kidney of one host. Intracellular 
forms have not been observed. 

The herpetomonads were present both in the flagellate and the 
non-flagellate phases. As a general statement, flagellate forms were 
more common in the heart blood and non-flagellate forms in prepara- 
tions of organs such as the spleen. 

No herpetomonads were seen in the gut of any of the Dentex, 
though careful search was made. No marked pathologic effects on the 
hosts were observed. 

MORPHOLOGY 

The flagellate form of Herpetomonas denticis is small, the body 
measuring from 5 to 24/a long and 1.5 to 2.5/i broad (see photomicro- 
graphs). The variation in length is rather great, the short-bodied 
forms being apparently younger. The flagellum is often longer than 
the body, especially in young flagellate forms, as, for example, in a 
parasite whose body length was 7.5/a and length of free flagellum was 
16/i. The posterior (non-flagellate) end of the body was sometimes 
pointed, at other times rounded. 

The general cytoplasm was almost homogeneous, though in some 
specimens a finely alveolar structure was seen. Chromated granules 
may be seen in some specimens. 

The nucleus was karyosomatic in some cases, and finely granular 
in others, the structure varying as we have pointed out Jjreviously, 
with the degree of activity of the cell-life. Prior to periods of great 
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multiplicative activity, the nucleus usually becomes finely granular in 
a flagellate, and such changes can be observed in the living organism 
under favorable conditions. 

The blepharoplast, or kinetic nucleus of some authors, is distinct 
and often bar-like, but sometimes is slightly curved or rounded, the 
latter appearance probably being due to an end-on view. The organella 
may be surrounded by a less deeply staining area of c)rtoplasm. 

The flagellum arises in the neighborhood of the blepharoplast but 
not from it. The root of the single flagellum is usually well marked. 

The non-flagellate stages are small, oval or somewhat pyriform 
bodies, possessing a nucleus and distinct blepharoplast. The small 
oval or leishmaniform parasites measure 2.5 to 4.5/a by 1.5 to 2.5/a. 
Larger forms, elongating into flagellates though still lacking a flagellum, 
may be somewhat longer and broader. 

Multiplication by fission occurs among both flagellate and non- 
flagellate forms. Division begins in the blepharoplast and is followed 
by division of the nucleus. Longitudinal fission was seen in flagellate 
parasites and in several intermediate elongating forms. 

The occurrence of division shows that the herpetomonad could 
increase in numbers in the Deritex, and so was more than a mere 
conservation of the organism. 

SIGNIFICANCE OF NATURAL HERPETOMONADS IN VERTEBRATES • 

The significance of the findings of herpetomonads in the blood of 
representatives of most classes of vertebrates is most important. The 
published results of our personal work on the life-histories of 'Herpeto- 
monads and Crithidia have been strongly indicative that leishmaniases — 
such as kala-azar, dermo-mucosal and dermal leishmaniases — were 
really due to herpetomonads being able to live in the Wood of verte- 
brates. Further, we have conducted experiments- on the inoculation 
and the feeding of herpetomonads and a few crithidia to all classes 
of vertebrates with positive results. Laveran and Franchini have per- 
formed similar experiments and Laveran has shown that Leishmania 
can be inoculated into cold-blooded vertebrates. These various experi- 
ments have been carefully discussed recently by Laveran in his mono- 
graph on "Leishmanioses.'' We have had the good fortune to find 
herpetomonads occurring naturally in the blood of mice and of Dentex. 

At present, herpetomonads have been found occurring naturally in 
the blood of the following vertebrates. 

(1) Man. In 1913 a herpetomonad was described by Franchini 
from the blood and internal organs of man. Unfortunately, the name 
Haemocystozoon brasiliense was given to the organism. An allied 
parasite was recently found by M. Leger in French Guiana, herpeto- 
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monad and trypanosome forms being seen. It should also be men- 
tioned here that herpetomonad flagellate forms of Leishmania have 
been seen in man. 

(2) Mice. Herpetomonads were seen in the blood of Gambian 
mice by Dutton and Todd in 1903, while Fantham and Porter published 
similar observations on the natural occurrence of herpetomonads in 
the blood of English mice in 1915, these having been seen from time 
to time during the previous six years. 

(3) Pigeons. Natural infections of these birds by a herpeto- 
monad was found by Edmond and Etienne Sergent in 1907 in Algeria. 

(4) Reptiles. Natural infection of geckos in Algeria with herpeto- 
monads in the 'blood was found in 1914 by Sergent, Lemaire and 
Senevet. The Herpetomonads of geckos was also found by Chatton 
and Blanc in Tunis in 1918. Marcel Leger in 1918 found herpeto- 
monads in the blood of small lizards belonging to the genus Anolis in 
Martinique. 

(5) Fishes. A herpetomonas occurring in the blood and internal 
organs of Dentex argyrosona is now recorded by us. 

As before mentioned, we were able to produce herpetomoniasis 
experimentally in all groups of vertebrates from Pisces to Mammalia. 
From the foregoing list, it will be seen that herpetomonads in nature 
have a similarly wide distribution in vertebrates, having been found 
in the blood of representatives of all the great groups of vertebrates 
except Amphibia, in which they will doubtless sooner or later be de- 
tected. However, it should again be pointed out that in no case in 
vertebrates is the flagellate form numerous, the leishmaniform phase 
being the one most seen, and relatively few vertebrates seem to be 
infected. In some cases it may be necessary to culture the blood in 
order to detect the parasite. Artifically induced herpetomoniasis re- 
sembles visceral leishmaniasis in its insidious onset and pathogenic 
effects such as feverish attacks, splenic enlargement often accompanied 
by hepatic enlargement, emaciation, progressive anemia and leuco- 
penia. 

The mode of entry of the herpetomonads into the blood of the 
Dentex examined by us is, unfortunately, not certain. . It may be 
due to the inoculative action of an ectoparasite such as a leech. In 
the case of fresh-water fishes, herpetomonads might be introduced into 
their blood by aquatic biting Hemiptera such as Nepa. The entry of 
a natural intestinal parasite into the blood from the gut seems to be 
excluded, as, in every case, we carefully examined the gut contents 
of the fishes dissected by us, but found no indication of the presence 
of a Herpetomonas as a natural parasite in the guts. We may remark 
here that we always made a practice of examining before use the 
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dejecta and bIoo.d of the vertebrate animals subsequently used by us 
in our previous experiments on jnduced herpetomoniasis, and on no 
occasion did we find a Herpetomonas occurring naturally in the gut 
of the vertebrate. On one occasion, in the cloaca of two specimens 
of Lacerata vivipara, we found a uniflagellate monad, but it lacked 
a blepharoplast, and hence was not a Herpetomonas. Bayon (1915) 
states that he found a Herpetomonad in the cloaca of a Chameleon 
pumilus on Robben Island, while M. Leger (1918) states that he 
found a herpetomonad in the rectum of a lizard, Anolis sp. in Mar- 
tinique. It is possible that these herpetomonads in the hind gut of 
lizards may have been acquired from ingested infected flies, and have 
passed thence into the blood of the lizards. It is also possible that in 
the catching of the fly on the tongue of the lizard, herpetomonads may 
have been liberated from the insect and have passed through the 
mucous membrane of the tongue of the vertebrate. On the other 
hand, they may have been inoculated into the blood of the lizard 
directly by the action of a bloodsucking fly or other Arthropod. We do 
not consider, on the evidence available, that herpetomonads are natural 
parasites of the gut of vertebrates, though they may be acquired from 
invertebrates by way of the gut and pass therefrom into other organs. 

In our experience, when a herpetomonad is introduced into a 
vertebrate host, it may be able to exist either as a somewhat heavy 
infection that tends to die out and hence is transitory in the vertebrate, 
or it may become established in so attenuated a form that the 
pathogenic eflFects of its presence are not detected unless the resistance 
of the host is suddenly diminished. Again, owing to periodicity of 
multiplicative periods of the parasites, they may only be capable of 
detection in the blood of the host at certain seasons. The accidental, 
successful introduction of herpetomonad parasites by the agency of 
certain insects may thus afford an explanation of sporadic outbreaks 
of such diseases as kala-azar or other form of leishmaniasis. 

When a herpetomonad gains access to and proves capable of 
multiplying in a vertebrate, though the infection may prove to be 
sparse, as in the case of H. denticis, it indicates that while there 
is still difficulty for the herpetomonad to live in IRe blood of the 
vertebrate, yet an attempt is being made that may become more suc- 
cessful — and perhaps more obvious — in the future. In other words, 
the presence of a natural herpetomonad in the blood and organs of 
Dentex indicates a further example of the habituation of a flagellate 
of invertebrates to life in a vertebrate host. # 

The herpetomonads, indeed, show wonderful powers of adapta- 
tion, one of the most plastic being H, dazndi, natural to the gut of 
certain plant-frequenting insects, which is able to live in the latex of 
certain Euphorbiaceous plants. 
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Such diseases as leishmaniases in vertebrates need not be regarded 
as necessarily being conveyed by any one specific insect carrier of 
herpetomonads, but as being transmitted more or less accidentally 
into a susceptible subject by the agency of any insect capable of being 
heavily parasited with herpetomonads, and of passing these flagellates 
into vertebrates. 

The leishmaniases are herpetomoniases in which the dominant 
stage of the causal agent in the vertebrate is the rounded, resting, 
non-flagellate leishmaniform stage. The leishmaniases are allied in 
causal agency, pathology and treatment (by tartar emetic) w'ith the 
trypanosomiases, wherein the dominant stage of the causal trypano- 
some in the vertebrate is the flagellate stage, but resting, non-flagellate, 
leishmaniform parasites also occur in the internal organs of the verte- 
brate. 

The occurrence of natural herpetomonads in vertebrates, and the 
ability to infect vertebrates experimentally with herpetomonads — en- 
tailing pathogenic results resembling leishmaniasis in the case of 
warm-blooded hosts — present an interesting chapter in the evolution 
of disease. 

SUMMARY 

A new flagellate, Herpetomonas denticis, n. sp., occur naturally in 
the blood of fish, Dentex argyrosona, from St. James, near Cape Town. 
The parasite was also seen in spleen, liver and kidneys of the fish. 
Flagellate forms, 5 to 24/a long, and 1.5 to 2.5/i broad, occurred in the 
heart blood, and rounded, non-flagellate, leishmania-like forms were 
seen in the internal organs. Multiplication stages were found. 

As far as known, this is the first record of the natural occurrence 
of a Herpetomonas in the blood and internal organs of fishes. Four 
Dentex, out of 41 examined, were scantily parasited. Herpetomonads 
were not found in the digestive tracts of the fish. 

The significance of this piscine parasite is important, in view of 
the numerous experiments carried out by the authors and others on 
the successful infection of vertebrates with herpetomonads and their 
relation to Leishmania. The leishmaniases are really herpetomoniases 
of mammals, wherein herpetomonads — which are natural parasites of 
invertebrates, such as insects — have been introduced into vertebrates, 
such as mammals, with pathogenic effects. 
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Explanation of Plate III 

Fig. 1. — Photomicrograph of the flagellate form of Herpetotnonqs denticis 
in the blood of Dentex argyrosona, obtained by using Zeiss 4 mm. apochromatic 
objective and Huyghenian 2 ocular 

Fig. 2. — Photomicrograph of flagellate H, denticis, obtained by using Zeiss 
IW oil immersion objective and Huyghenian 2 ocular. 
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THE DEVELOPMENT OF GREGARINES AND THEIR 

RELATION TO THE HOST TISSUES: (III) 

IN GREGARINA RIGIDA (HALL) ELLIS 

Minnie Watson Kamm 

This paper is the third of a series in which it is desired to show 
the effect of gregarines upon the host cells which they parasitize. In 
the two former papers the species considered were intracellular para- 
sites, the young stages of which live within the intestinal cells and 
absorb their entire nourishment therefrom ; they are consequently dis • 
'kstrous in their effect upon these cells. In Cephaioidophora delphinia 
(Watson) Kamm (1918) the minute trophozoite soon outgrows the 
parasitized cell and absorbs the walls of this and the adjoining cells, 
and finally comes to occupy considerable space within the epithelium, 
being highly deleterious in its action upon the host tissue. A moderate 
infection with this parasite therefore causes a serious gregarinosis in 
the host. It is questionable whether the host, the large white sand-flea 
Talorchestia longicornis (Say), is able to regenerate new tissue to re- 
place the lost. 

The first parasite studied (Kamm, 1917), Stenophora lactaria 
Watson, injures its host the milliped Callipus lactarius (Say), in much 
the same manner but to a less serious degree. 

The present species, Gregarina rigida (Hall) Ellis, parasitizes 
species of the Acridiidae, the present specimens being taken from 
Melanoplxis differ entialis (Uhler). It is a particularly good species 
for sectioning because the percentage of infection runs high and the 
number of parasites per host is large. 

The entire alimentary tract (Fig. 1) was sectioned in order to 
determine the histology of the cells in the various regions and the 
degree of parasitism involved, this degree being dependent upon the 
character of the cells. The walls of the crop are chitinous and armed 
with teeth and are therefore not adapted to parasitism. The thin- 
walled, highly vascular mid-intestine is, on the contrary, well adapted 
to the existence of gregarines; I have found as many as fifty-four 
parasites in one cross-section made through the anterior portion of 
this r^'on. 

The six pyloric ceca originate near the anterior end of the mid- 
intestine (Text figs. A-F) and pass both forward and back, the back- 
wardly-directed portions being only about one-third as long and much 
more slender than those directed anteriorly. They are admirably 
adapted to the early requirements of the parasite. The tiny sporozoites 
find lodging here without danger of currents of food or strong mus- 
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cular contractions tearing them loose from their hold on the cells. 
Some unilocular stages are to be encountered in the mid-intestine 
walls but by far the larger number is situated here. Consequently the 
larger epimerited trophozoites and smaller sporonts are abundant here 
also. 

The Malpighian tubules which open into the alimentary tract at the 
junction of mid-intestine and intestine proper are not parasitized with 
gregarines. 

The anterior end of the intestine proper is similar histologically to 
the mid-intestine and contains some gregarines but the rectum, which 
is chitinous-walled, is free. 




Text Figure A-F. — A, B, C, and D represent the origin of the ceca at the 
junction of crop and mid-intestine. A, cell wall near posterior end of crop. 
B, convolutions in wall. C, double folds in wall, cells small, several gregarines 
near folds, / small sporonts, s sporozoite, moving freely from c ceca to intes- 
tine. D, cecum closed off from intestinal epithelium but still within longitudinal 
muscular layer. It soon penetrates this wall and lies freely in the coelom. 

E, cross-section through pyloric orifice of host between crop and mid -intestine. 

F, cross section through anterior end of mid-intestine and through the small 
•^ backwardly-directed ceca (c) and the anterior end of the Malpighian tubules 

(mt) ; one trophozoite («) is attached to the cell-wall, one small sporont (m) is 
cut longitudinally and a larger one (t) crosswise. 

All drawings were made at same magnification, the line (under E) repre- 
senting 200/*. 

Sections were cut thin (5/a) so as to include portions of the same 
young parasite in several successive sections. Stains used included 
Delafield*s and iron hematoxylin countered with orange G ; best results 
were obtained with the early stages by using the latter but for the 
larger parasites the former was the more satisfactory. In order to 
determine the effect of the parasite upon cells, both stains were useful, 
the iron stain for the chromatin and Delafield's for cytoplasmic modi- 
fications, if any. 
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Free sporozoites (Fig. 2) were, found in large numbers in both 
mid-intestine and ceca. Much to my surprise they are spherical or 
sub-spherical in shape, measuring 14 to 20/a in diameter, the nucleus 
being proportionately large and filled with scattered granules of chro- 
matin. 

Upon coming in contact with the epithelium, there is pushed out 
from the sporozoite a small conical protuberance (Fig. 3) at first 
devoid of endoplasm. This papilla elongates into a slender neck, 
often as long as the sporozoite itself, and forces itself through the 
intima into the wall of the intestine. This spherical sporozoite and 
its ameboid character have not to my knowledge been heretofore re- 
ported for gregarines but from many hundreds of observations with 
high power, I am convinced that these phenomena exist. The pro- 
tuberance has been seen in its incipiency through the gradually growing 
stage when the sporozoite lies adjacent to the wall and to the pene- 
tration of the long, now pyriform, trophozoite which becomes firmly 
attached. 

In none of the observations made was the cell-wall punctured, the 
sporozoite pushing up between two cells and splitting them apart in- 
stead. This is obviously the easier process for the apex is unarmed 
and yet it affords a holdfast, which is all the young parasite desires. 
The point often enters the cell area at considerable slant and the para- 
site is tmable to recover its normal perpendicular position, possessing 
a crooked epimerite during the rest of its. trophozoitic life. 

Sporozoites are generally found in the recesses between folds of 
the ceca where they collect in groups and are fully protected. They 
also sink into recesses which appear to have been made by parasites 
which have left their holdfasts and become free-living sporonts. The 
more exposed regions are more infrequently parasitized because the 
sporozoites which have endeavored to attach themselves here have 
been swept away. 

Very mjny faintly-staining bodies the size and shape of sporo-. 
zoites are often found massed along the periphery of the lumen, their 
nuclei generally disintegrated and their outline often indefinite. ' I 
venture the suggestion that these are dead or infertile sporozoites ; and 
that sporozoites must be eaten by the proper host within a certain 
time, probably a few weeks after extrusion from the cyst, in order 
to remain fertile. The similarity in size and shape preclude the 
possibility of their being sporozoites of other gregarines not infective 
yi this particular host. 

When the process of the sporozoite is first thrust into the cell- 
area it is ectoplasmic but it soon fills with endoplasm and swells into 
a knob-like holdfast not easily dislodged (Fig. 5). A septum begins 
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to develop although not at first visible but evident from the differential 
Staining. The trophozoite has now fully established itself and is grow- 
ing rapidly. It has crowded several cells aside at their apices, not 
only the epimerite but a goodly portion of the protomerite being 
pushed up into this cell-area. 

An instance in which the entire trophozoite is pushed up into the 
cell area is described by Leger and Duboscq (1899) for Gregarina 
davini Leger and Duboscq. The parasite has located in a recess 
between two lobes, its large dilated epimerite occupying the regenerative 
space at the base of the epithelium, which contains many nuclei but 
no cell walls. It transforms this space into "un kyste epithelial." The 
nuclei are massed near the epimerite but are not in the least affected 
by its presence. 

The septum is now established and the staining in the two parts 
that are characteristic of the sporont ; the nucleus is very large and con- 
tains many karyosomes which later fuse into one; and the epimerite 
now contains a small amount of endoplasm Only near its base. 

If the epithelium were being affected by the parasite this would 
now be evident. The cells are undoubtedly crowded and their nuclei 
often pushed out of place and shape; but upon careful observations 
with both stains I can detect no difference in character between the 
normal and crowded cytoplasm or between the normal and distorted 
nuclei. There is no hypertrophy and I do not think the crowding 
could be called atrophy for the cells return almost to their normal 
shape. The larger the parasite becomes the less its presence disturbs 
the cells, for the body retreats into the lumen except for the small 
epimerite (Figs. 6, 7), I think the cell always retains a trace of the 
indentation made by the epimerite and that this depression is taken 
advantage of by the young sporozoites as a new holdfast. 

The epimerite is gradually constricted as the parasite grows, until 
it becomes a perfect sphere, completely pinched off, leaving a small 
indentation but no open wound in the apex of the protomerite (Fig. 
9) which soon smooths out. Vigorous muscular contractions of the 
intestine or the current of food carries the sporont away and leaves 
the epimerite in the cells (Fig. 10), where it soon atrophies and dis- 
appears. 

If its movements are too strenuous or outside mechanical means 
interfere, the parasite may lose its epimerite prematurely (Fig. 11). 
I doubt if it is able to recover the loss ; it is probable that a thin stream 
of protoplasm continues to flow from the apex until the protomerite 
collapses and the animal dies. The parasite is probably unable to 
regenerate a new epimerite and a new fully developed organ would 
be unable to penetrate the epithelial cells. 
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Large free sporonts in the ceca are the exception rather than the 
rule. A maximum length of 90/* was observed here, the animals soon 
moving out into the intestine, where more food is to be found. This 
migration is not due to any new chemical affinity which the parasite 
acquires, for the weak acid secreted by the gastric ceca passes directly 
into the mid-intestine, where the parasites continue to be bathed, in it ; 
the migration is unexplainable. The fact that the ceca become too 
small is not adequate explanation. 

In the intestine the sporonts are tightly compressed between food- 
masses the greater part of the time, since the host eats frequently, 
and they are often flattened so that in cross-section one dimension is 
three times the other. The parasites just as readily adhere to food 
masses as to the intestinal walls, which means that they are frequently 
carried to the exterior in food-pellets. 

Two sporonts in association preparatory to the formation of a cyst 
are shown in the microphotograph (Text fig. G). 



Text Figure G. — Microphotograph of section through mid-intestine showing 
lumen almost completely filled with parasites cut at various angles, the short 
wavy outlines denoting movements when fixed. Four associations of adult 
sporonts are shown. 

In comparison with the number of parasites encountered, the 
number of cysts is very small, so the gregarines which are able to 
complete their life-history are comparatively few in number. 

One more paper will be presented in this series, on another epi- 
merited species of a genus not closely related to the genus Gregarina 
and a bibliography will be given covering work on Effect on Host 
Tissues. 

SUMMARY 

1. Ten successive stages in the life-history of Gregarina. rigida 
(Hall) Ellis are shown from the spherical sporozoite free in the lumen 
of the intestinal tract to the associative sporonts. 
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2. This species possesses an epimerite which develops in the sporo- 
zoite as ay ameboid papilla, becoming a long slender neck, which is 
thrust through the intima between two epithelial cells rather than 
into one, where it obtains a holdfast and develops at the cell-apex a 
rounded knob for an epimerite. 

3. The cells parasitized are affected only mechanically, being pushed 
aside during the parasite occupancy; no chemical effect upon the cell 
is noted at any stage of occupancy and the cell is apparently uninjured. 
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Explanation of Plates 

All drawings except Fig. 1 were made with camera lucida from sections 
cut at 5ai. The line in drawings 2, 3, 4, and 5 represents 10m, in the other 
drawings lOO/*. 

Explanation of Plate IV 

Fig. 1. Alimentary tract of Melanoplus differentialis (Uhler), after Folsom. 
p pharynx m stomach or mid-intestine 

o esophagus mt Malpighan ttfbules 

gl salivary glands i intestine 

a crop ; colon 

g gastric ceca r rectum 

Fig. 2. — Two sporozoites free in cecum. 

Fig. 3. — Sporozoite with apical protuberance developed ready for penetra- 
tion into cell area. See also Fig. 13. 

Fig. 4. — Portion of cecum with three sporozoites in the process of entering 
the cellular area, two sharply pointed and one with blunter apex. One 
sporozoite with elongated protuberance Jies near the epithelium. See also 
Figs. 12 and 13. 

Fig. 5. — Slightly knobbed epimerite in young trophozoite in which a differ- 
ence in staining reaction is discernible between protomorite and deutomerite. 
Fig. 6. — A large trophozoite crowded between two lobes of the cecum. 
Fig. 7. — A large trophozoite in epithelium with its epimerite somewhat 
eccentric. 

Fig. 8. — Trophozoite with epimerite and septum developed. The epimerite 
is held in place by pressure from the outside rather than by a specialized holdfast. 
. Fig. 9. — Sporont with indentation at apex where epimerite has recently be- 
come detached. 

Fig. 10. — Sporont which has just become constricted from its epimerite. 
Fig. 11. — Trophozoite which has become prematurely severed from its 
epimerite. 
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Explanation of Plate V 

Fig. 12. — Microphotograph (X about 1200) showing pyriform sporozoite 
about to penetrate into area between cells. Note large nucleus upon face of cell. 

Fig. 13. — Microphotograph (X about 1200) showing three sporozoites, one 
at right, with protuberance half developed, lying near epithelium; other two 
with apical ends at lower focus than body of cell but showing the rotund 
character of the sporozoite at its distal portion, and the large nucleus which 
contains many distributed karysosomes. 
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A NEW NEMATODE FROM THE RAT* 
Sadamu Yokogawa 

FORMOSA MEDICAL COLLEGE 

During the winter of 1920, while I was working at Johns Hopkins 
University, Dr. W. W. Cort assigned me for investigation the problem 
of the nematodes of > rats and gave me some nematodes, which 
he had collected from a Norwegian rat, Epimys norvegtcus, caught 
in Baltimore. These worms were found to be a new species of 
Heligmosomum, to which I give the name Heligmosomum muris nov. 
spec. Later I found this same species in twenty- four out of twenty- 
six rats examined, which were caught near Baltimore. Other nema- 
todes found were Strongyloides papillosus, Trichosowoides crassi- 
Cauda, Hepaticola hepatica and Heterakis spumosa, but the present 
paper describes only Heligmosomum muris, since the others have been 
described by other authors. 

Although Heligmosomum muris is a common parasite of rats here, 
nobody seems to have found it previously. My studies on the struc- 
ture of this species were made for the most part from living material, 
although specimens preserved in alcohol were used for comparison. 
The measurements of the body were made on fixed material, because 
the size of the living worms is changed by movement. - Accordingly 
the sizes given in this paper are a little smaller than those of the 
living worms. 

Specimens of Heligmosomum muris preserved in alcohol are dark 
brown in color, filiform and coiled irregularly two to five times. 
These worms live in the upper part of the small intestine, especially 
hear the duodenum of the rats. When still in position in the intestine, 
the worm appears as a little curved red string in the mucus or buried 
slightly in the mucous membrane. If, however, cool normal saline 
is poured on the intestine or the rat is not dissected soon after it has 
been killed, the worms will always be found more or less coiled. 
In the living worm, the body is red, filiform, and somewhat narrowed 
anteriorly. The head is small, 21 to 25/i in diameter exclusive of the 
surrounding cuticular expansion, and 30 to 36ft in diameter including 
it (Fig. 1). The mouth is small and a small oral cavity (a) is present. 
In an optical section of this region in worms preserved in alcohol the 
sub-cuticular part of the circumoral area gives somewhat the appear- 
ance of two small teeth, one on each sid^. The esophagus is conoidi- 
form, a little sinous and 0.35 to 0.45 mm. long. The cuticula has 
transverse striations and prominent longitudinal markings in the form 



♦This paper is a contribution from the Department of Medical Zoology 
of the School of Hygiene and Public Health of the Johns Hopkins University. 
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of ten ridges. It is relatively thick and inflated on the head and 
the anterior cervical region, making a cephalic area or expansion. 
The length of this area is 0.06 to 0.07 mm. The longitudinal cuticular 
ridges originate a little behind the cephalic area and run parallel clear 
to the posterior end. The transverse striations are not continuous 
around the cuticula but are found only on the longitudinal ridges. 
The excretory system is well developed and takes the form of two 
elongate sacs, which contain a large amount of highly refractile gran- 
ules. These sacs are situated on each side of the body and extend 
to about the middle of the body. The excretory sacs are connected 
with the excretory pore by a small canal. The excretory pore is situ- 
ated on the ventral surface, at a distance of 0.8 to 0.14 mm. in front 
of the base of the esophagus. The nerve ring is situated just in 
front of the excretory pore at a distance of 0.2 to 0.25 mm. from the 
anterior end of the esophagus. Cervical papillae are not present. 
The cells lining the intestine contain a large amount of melanin- 
like pigment. This is distributed throughout the entire length of 
the intestine. 

The male of Heligmosomum muris (Fig. 2) is smaller than the 
female, being 3 to 4 mm. in length with a maximum thickness of 
0.085 to 0.1 mm. at the middle of the body. The bursa (Fig. 3) 
is large and a little enrolled, expanding toward the ventral side. "It 
consists of two large lateral lobes and a small dorsal lobe. The 
lateral lobes are each supported by six rays and are asymmetrical, 
the right being larger than the left. In one worm measured, the right 
lobe was 0.218 mm. long and 0.164 mm. wide, and the left lobe 
was 0.164 mm. long and 0.146 mm. wide. The rays of the left lobe 
are more divergent than those of the right, and are different in form 
on the two lobes. The ventro-ventral, latero-ventral, extemo-lateral 
and medio-lateral rays of the left lateral lobe are similar in forni 
and have almost equal intervals between them. The left postero- 
lateral ray has a very different form, being shorter and wider than 
the others and diverges from the medio-lateral ray, curving posteriad. 
The postero-lateral ray of the right lobe is relatively small and 
diverges from the medio-lateral ray, curving a little posteriad. The 
medio-lateral and externo-lateral rays of the right lobe are digital 
and lafger than the other rays. They run close together and parallel' 
throughout most of their extent, but their tips diverge. The latero- 
ventral ray of the right lobe is long and straight and the right 
ventro-ventral ray is slender and quite divergent. Both externo-dorsaj 
rays (ed) are thin and slender. They diverge from the root of the 
dorsal ray and run along the boundary line between the two lateral 
and the dorsal lobes, curving posteriad; consequently they sometimes 
appear to belong to the lateral lobe and sometimes to the dorsal. 
The dorsal lobe is very small and divided from the lateral lobes T[)y 
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shallow indentations. The dorsal ray (cJ) is 45 to 54fi long and 
terminates in four digitations. 

The body of the male terminates posteriorly in a thin cone which 
projects into the bursa along the anterior surface of the dorsal lobe. 
The two spicules are yellowish brown, about 0.56 mm. long and filiform. 
They are united at their distal ends and form a small arc. The 
two gubernacula are colorless and situated on the ventral and the 
dorsal sides of the distal end of the spicules. The ventral gubemac- 
ulum is longer than the dorsal. The former is 0.06 to 0.07 mm. 
long and the latter 0.04 to 0.05 mm. long. 

The anterior part of the testis (Fig. 2, c) is situated on the 
dorsal side near the beginning of the intestine and is loop-shaped. Its 
beginning is very difficult to see because it is covered with the large 
excretory sac. However, I could see it sometimes clearly in the living 
worms, and fotmd that the distance of the anterior tip of the testis 
from the base of the esophagus varied somewhat in different worms. 
At the middle of the body, a narrow region (rf) 0.02 to 0.03 mm. 
long follows the testis. The wall of this region is thick and consists 
of cuboidal cells, similar to the cells of the ejaculatory duct. It 
seems to be a vas deferens because it is joined immediately to the 
seminal vesicle {e) filled with spermatozoa. The seminal vesicle is 
0.1 to 0.13 mm. long and is followed by a narrow canal 0.09 to 0.12 
mm. long which is surrounded by high columnar cells (/). Each 
of these cells contains a round nucleus and many granules. The cells 
which are situated on the posterior half of this canal are darker than 
those of the anterior half. These cells probably correspond to the 
cement glands of other forms, and the darker coloring appears to be 
connected with the secretory activity of the cells. This part con- 
nects with a well developed ejaculatory duct. The wall of the ejacula- 
tory duct ((/) consists of a layer of transparent cuboidal cells. At 
the level of the cement gland the reproductive tube crosses the intestine 
again. Consequently the anterior half of the intestine is located on 
the ventral side and its posterior half on the dorsal side of the repro- 
ductive tube. The distal end of the intestine joins the posterior end 
of the ejaculatory duct. 

The female (Fig. 4) of Heligmosomum muris is larger than the 
male. It is 4 to 6 mm. long, with a maximum thickness of 0.09 to 
0.12 mm. in the middle of the body. In the contracted worm the 
posterior region of the body is withdrawn to such an extent that 
the cuticula forms a sac surrounding the anus and vulva. The 
posterior end of the body becomes reduced suddenly in size just 
behind the vulva, terminating in a short, thin tail. The anterior end 
of the ovary (Jt) bends and forms a small loop. This part is situated 
on the dorsal side of the anterior part of the intestine at a varying 
distance from the base of the esophagus. The blind free anterior 
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end of the ovary contains extremely small cells, the primordial germ 
cells. The main part of the reproductive organ is situated on the 
dorsal side of the body and the ovary is filled with developing oocytes, 
which generally arrange themselves in single file. The ovary connects 
with the receptaculum seminalis by a narrow tube near the posterior 
part of the body. The receptaculum seminalis (i) is situated at 
the beginning of the uterus without sharp demarcation. The uterus 
is situated in the posterior part of the body and is 0.45 to 0.60 mm. 
long, containing 13 to 27 eggs, and connects with the ovejector (/) 
of about 0.1 mm. in length. The ovejector is joined to the thick walled 
vagina, crossing the distal end of the intestine. The ovejector has 
a well developed wall which at the beginning of the ovejector is 
thickened forming a sphincter. The ovejector seems to be a little 
twisted and its distal end projects into the vagina. The vagina {k) 
is 0.14 to 0.16 mm. long and situated on the ventral side of the body. 
Its wall is lined by cuticula. There are strong irregular longitudinal 
folds on its internal surface and it extends into the distal end of the 
ovejector. The vagina runs in a diagonal direction in the posterior 
end of the body, and terminates in the vulva. This (/) is situated 
on the ventral surface just in front of the anus at a distance of 
O.l' ta 0.13 mm. from the tip of the tail. The intestine is straight 
and runs along the ventral side of the body, terminating in the 
anus. It crosses the ovejector near the posterior end of the body. 
The anus {m) is situated at a distance of about 0.06 mm. from the 
tip of the tail. The eggs are ellipsoidal with a very thin shell. The 
average size is 58/* by 33ft; a common minimum is 54.6 by 30.9fi and 
a frequent maximum 61.8 by 34.5ft. They are in the one to sixteen 
cell stages of development in the uterus and in the feces are in the 
four to sixteen cell stage, exceptionally, also in the morula stage. 

In the genus Heligmosomum, Raillet and Henry the following 
species have been placed: Heligmosomum costellatum (Dujardin), 
//. minutum (Dujardin), H. gracile (F. S. Leuckart), H. laeve (Dujar- 
din), H. brasiliense Travassos, //. agoutii Neiva, da Cunha and 
Travassos, H, vexillatum Hall and H, cristatum Gedoelst. All oi 
these are discussed by Hall (1916: 149-158) except H, agoutii Neiva, 
da Cunha and Travassos (1914) and H, cristatum Gedoelst (1917). 
Seurat (1915) gives a detailed description of //. laez'e Dujardin, 
which is not fully covered in HalFs paper. Heligmosomum muris 
is most closely related to Heligmosomum vexillatum Hall, which 
was described from Thomomys fossor from Colorado, and to Helig- 
mosomum brasiliense Travassos from the Norwegian rat from Rio 
de Janeiro, Brazil. A comparison of H, muris with the description 
of H. vexillatum and with a toto mount of this species which 
was kindly loaned me by Doctor Hall, showed that while these 
two species agree in general size and shape, they are strikingly 
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diflferent in the length of the spicules, the size of the eggs, and the 
character of the bursae. A comparison of my species with H. brazil- 
tense is more difficult since this species is not figured and not described 
in detail, especially in r^ard to the character of the bursa. DiflFer- 
ences are apparent in the size of the eggs, the length of the esophagus, 
the structure of the bursa, and the position of the anus and vulva. 
The most striking differences are in the size and shape of the two 
species. In //. braziliense the male is from 2.6 to 2.8 mm. in length 
and 0.09 to 0.1 mm. in diameter at its widest part, giving the ratio 
of length to width of about 30: 1. The female is 3.5 mm. long and 
0.13 mm. in width with a ratio of length to width of about 27: 1. 
H. muris is longer and especially in the female much narrower for 
its length, as in this species the male has a length of 3 to 4 mm. 
and a width of 0.85 to 0.1 mm., making a ratio of length to width 
of about 33 to 44: 1, and the female has a length of 4 to 6 mm. 
and width of 0.09 to 0.12 mm., making a ratio of length to width 
of 44 to 50: 1. These differences seem to me to make it necessary 
to establish Heligmosomum muris as a distinct species. 

I wish to express here my deep indebtedness to Doctor W. W. Cort, under 
whose direction this work was carried on, and also to Doctor B. H. Ransom 
and Doctor M. C. Hall for their kindness in helping me with the preparaton 
of this paper. 
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Explanation of Plate VI 

Fig. 1. — ^The anterior end of Heligmosomum muris, shown in optical section ; 
a, mouth cavity. 

Fig. 2. — Male of Heligmosomum muris from an experimental rat, 9 days 
after infection, latero-ventral view; a, excretory pore; b, excretory sac; r, 
anterior end of the testis; d, vas deferens; e, seminal vesicle; /, cement gland; 
g, ejaculatory duct. 

Fig. 3. — Bursa of male of Heligmosomum muris, dorsal view; d, dorsal ray; 
ed, externo-dorsal ray ; pi, postero-lateral ray ; ml, medio-lateral ray ; el, extemo- 
lateral ray; Iv, latero-ventral ray; w, ventro-ventral ray 

Explanation of Plate VII 

Fig. 4. — Female of Heligmosomum maris from the wild rat. a, excretory 
pore; b, excretory sac; h, anterior end of ovary; i, seminal receptacle; ;", 
ovejector; k, vagina; /, vulva; m, anus. 
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A NEW RECORD OF TAENIA CONFUSA, WITH 
ADDITIONAL NOTES ON ITS MORPHOLOGY* 

Asa C. Chandler 

In a collection of parasitological specimens which the writer 
recently received from Dr. Mark F. Boyd of the Department of 
Bacteriology and Preventive Medicine at the University of Texas 
Medical School, Galveston, there was a specimen of a tapeworm 
which upon investigation was found to be, apparently, an example 
of Taenia confusa Ward 1895. The worm had been sent to Dr. Boyd 
from the medical school hospital as a specimen of Taenia saginata, 
and was given to the writer as such, without ever having been more 
than casually examined. Efforts are at present being made by Dr. 
Boyd to get some information as to the origin of the worm, but 
to this date these efforts have not been successful. Nothing definite 
can be said at present as to its origin except that the patient was prob* 
ably a native of Texas. 

Particular interest attaches to the occurrence of this worm, in- 
asmuch as hitherto only two specimens of Taenia confusa have been 
recordied, both having been sent, at different times, to Dr. H. B. 
Ward by a physician at Lincoln, Nebraska, in 1895. During the twenty- 
five intervening years no further specimens have been discovered^ 
yet the present occurrence of a specimen from an individual in 
Texas indicates a strong probability that the worm has existed through- 
out this time in the Southern part of the middle western portion of 
the United States in sufficient numbers to protect it against extermina- 
tion. It is probable that, as in this case, it may frequently^ have been 
passed over as a specimen of Taenia saginata. 

Although in general agreeing with the description of Taenia con- 
fusa as given by Guyer (1898), the present worm differs in some 
details, especially of measurements, though not to such an extent as 
to throw serious doubts on its identity. It is, however, important to 
note that this worm largely bridges the gap between T. confusa Ward 
1895 and T, bremneri Stephens 1909. The description of the latter 
is very meager, but the principal difference between this species 
and Taenia confusa, as far as determined by the few segments from 
which Stephens wrote his description, is in* the greater width of the 
terminal segments, and in the greater abundance and larger size of 
the calcareous bodies. In both these respects the present worm is- 



* Contribution from the Biological Laboratory, Rice Institute, Houston, Tex.. 
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intermediate between T. bremneri and T. confusa. According to Dr. 
Bremner, who sent the specimen to Stephens from northern Nigeria, 
"AH Fullani (a Nigerian tribe) women have them, and they are got 
thru drinking sour milk." Since many of the American negroes 
originally came from Nigeria, the occurrence of this worm in the 
Southern United States would very readily be explained. It is, there- 
fore, proposed that until further evidence to the contrary is obtained, 
Taenia bremneri be considered a synonym of Taenia confusa. 

Before discussing any of the details of the present worm, a brief 
account of the general morphology and anatomical peculiarities of 
Taenia confusa as described by Guyer (1898) is in place. T. confusa 
is a tapeworm from 5 to 8 meters in length, consisting of from 700 to 
800 proglottids, almost all of which are longer than wide. The ter- 
minal proglottids are from 27 to 35 mm. long by 3.5 to 5 mm. wide. 
The scolex is not certainly known. One of Ward's specimens was 
provided with a scolex and Ward (1897) states that this scolex was 
studied by him, still attached to the entire chain, under a lens, and 
that it was approximately the size and shape of the scolex of a 
Dipylidium. This head was cut off, stained, and mounted by an 
assistant. It proved to be so much like the head of a Dipylidium that 
Dr. C. W. Stiles, according to Ward, stated that it could be nothing 
else. Ward states that so far as he is aware there was no opportunity 
for it to be confused with the head of another tapeworm, but on the 
evidence of the improbability of a Taenia having a head so strikingly 
like a Dipylidium, he was unwilling to record the head as that of the 
worm he was studying. 

The principal anatomical features of the worm, as described by 
Guyer, which differentiate it from other human Taeniae are the fol- 
lowing : delicate cuticle and musculature ; small sparse calcareous bod- 
ies; small testes; small shallow genital pore, with plug-like papilla 
nearly filling it ; vagina with distinct receptaculum seminis, preceded by 
a short, constricted, thick-walled portion, and with cilia doubtful, and 
if present pointing towards the pore instead of away from it; shell 
gland oval, traversed by vaginal canal, and connected with uterus 
by separate egg canal opening into dorsal side of uterus; ovaries 
large, kidney shaped; vittelaria triangular, unpaired, wedging in be- 
tween ovarian lobes; ripe uterus with median stem and 14 to 18 
irregularly disposed and irregularly ramifying branches, with a series 
of finger-like branches transversely arranged across the anterior end, 
the eggs emptying out before disintegration of the segment ; eggs oval, 
30ftx39/*, without evident pyriform apparatus. 

The general morphology of the present worm agrees in most 
details with that of Ward's specimens as described by Guyer, the 
scolex not being considered. The worm here described consists of 
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approximately 790 segments, the great majority of which are longer 
than wide. The terminal segments of this worm, measuring from 25 
to 33 mm. in length, are from 6 to 8 mm. in width, as compared with 
a width of from 3.5 to 5 mm. in Ward's specimens, and of 9 mm. 
in Taenia bremneri. The width of the segments which are past sexual 
maturity but not yet fully ripe increases to about 9 mm., this width 
being retained for a long distance in segments gradually increasing 
in length from 9 to 20 mm. The approximately square segments 
measuring 9 by 9 to 10 mm. agree with Guyer's measurements for 
segments 150 to 250 cm. back of the head, which are 10 mm. long 
by 9 to 10 mm. wide. The difference in the width of the terminal 
segments may very possibly be due to a difference in the state of 
contraction, especially inasmuch as the worm here described does not 
have such conspicuously flaring posterior ends on the proglottids. 

There are a number of differences between this worm and Ward's 
specimens in the measurements of organs. Some of the larger meas- 
urements of the present worm may be partially accounted for by the 
fact that the measurements are for sexually mature proglottids which 
measure about 9 by 9 mm. and in which the uterus is already pro- 
vided with branches, whereas Guyer's measurements appear to be 
for the organs as they appear in much smaller segments, with un- 
branched uterus, which he considered sexually mature, possibly relying 
too much on analogy with Taenia sagmata or Taenia solium. The 
genital pore measures from 0.8 to 1.2 mm. across by 0.25 mm. in 
depth, thus resembling Taenia saginata much more closely than do 
Ward's specimens. The structure of the genital pore region is similar 
as regards the plug-like papilla which nearly fills it, and at the tip 
of which the cirrus opens. It differs, however, in that the vagina also 
opens at the tip of the plug, just posterior to the opening of the 
cirrus; in fact, there is a very short common opening, about 50ft in 
depth. 

The vagina has the peculiar features described by Guyer. In this 
specimen the cilia are very distinct and, as suspected by Guyer, point 
towards the genital opening, instead of away from it. Just before 
entering the lens-shaped receptaculum seminis there is an abrupt re- 
duction in the lumen of the vagina with a much increased thickness 
of the walls, as described by Guyer. It has not been possible in 
the new worm to trace out the egg duct from shell gland to the 
dorsal wall of the uterus, but the uterus does not appear to enter the 
shell gland directly. The vas deferens is as described by Guyer, 
much coiled, and ends near the middle of the segment. In a few 
mounted proglottids the vasa efferentia leaving the vas deferens show 
very clearly, particularly so in a proglottid represented in figure 1. 
The ovaries in proglottids in which the uterus is unbranched are 
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about 1.8 by 0.65 mm. and 1.3 by 0.6 mm. respectively (the segment 
measures 6.5 by 4.5 mm.) but the segments do not have the repro- 
ductive organs of either sex fully matured until they reach a size 
of approximately 9 by 9 mm., and have the uterine branches already 
evident. In such segments the larger of the fully developed ovaries 
measures 2.7 by 1.5 mm. The vitellaria vary considerably from the 
broad and narrow form shown in figure 1 to a short and wide tri- 
angular form as figured by Guyer; the scalloped posterior edge is a 
constant feature. The ripe uterus is as described by Guyer; the 
most salient feature is the great irregularity of the short deeply sub- 
divided branches which frequently become constricted at the point 
of emergence from the main stem; the terminal twigs, on the other 
hand, are swollen and contiguous. There is a series of forward-pro- 
jecting finger-like branches at the anterior end, and there are two 
or three deeply-cleft branches prolonged in a backward direction, the 
main stem of the uterus not extending back of the shell gland. The 
type of branching of the ripe uterus is reminiscent of that of Taenia 
hydatigena Pallas. The testes in the present worm measure from 
105 to 125ft in diameter, as ccnnpared with 89 to 96fi according to 
Guyer, and 150/* in Taenia saginata. A few testes near the junction 
of the vasa efferentia with the vas deferens are greatly enlarged, and 
may be 195ft in diameter, as shown in figure 1. 

The uterine eggs of the present worm are approximately the size 
and shape reported by Guyer for Ward's specimens, though the ma- 
jority are a little larger (33 by 42/a). There is a distinct pyriform 
apparatus in the form of two short filaments attached to the thin 
outer shell as shown in figure 2. 

The scolex is the most interesting part of the worm here described. 
Although the scolex was attached to only a small portion of the body 
of the worm, there seems to be no reason for doubting that the head 
really belongs to the worm here described. There are no segments 
of any other worm associated with this one to indicate a double in- 
fection, and the breadth of the neck attached to the head is the same 
as that of the smallest section of the proglottids. Moreover, the 
head, although unquestionably a Taeniid head, is quite diflferent from 
that of any other human species of tapeworm. It does not in any 
way resemble the head of Dipylidium, 

The scolex is unarmed, and is very sharply demarcated from the 
neck, as will be seen by reference to figure 3. It is decidedly oblong in 
shape and has the suckers grouped into a pair on each side. 

As stated at the beginning of this paper, in spite of certain dis- 
crepancies in measurements between this worm and those described 
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by Guyer, the anatomical features which this worm has in common 
with Taenia confusa leave little room for doubt that it should be 
referred to that species. 

If, when Taenia brentneri becomes better known, it shall prove 
to be identical with Taenia confusa, as there appears every reason 
to believe is the case, judging from our present meager knowl- 
edge of it, there will be little room for doubt but that Taenia con- 
fusa, like Necator americqnus, and other noxious parasites, was 
brought to America from Africa with the slaves. 
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Explanation of Plate VIII 

Fig. 1. — Proglottid of Taenia confusa, a little past sexual maturity, showing 
general arrangement of organs, except uterus, which is very indistinct in this 
proglottid. Note very distinct vasa efferentia, and enlarged deep staining 
testes near the end of the vas deferens. X 7. 

Fig. 2. — Uterine eggs of Taenia confusa. X 500. 

Fig. 3. — Scolex of Taenia confusa, viewed on broad face. X 50. 

Fig. 4. — Scolex of Taenia confusa, as viewed from anterior end to show 
oblong shape, and bilateral arrangement of suckers. X 30. 
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A POSSIBLE INTERMEDIATE HOST OF FASCIOLA 
HEPATIC A L. 1758 IN NORTH AMERICA* 

Mark F. Boyd 

Liver fluke disease of sheep and cattle caused by Fasciola hepatica 
L. 1758 is cosmopolitan in its distribution. According to Hall (1917), 
in the United States this disease is fairly well established along parts 
of the Pacific, the Gulf and eastern Atlantic coasts. Francis (1891) 
has definitely outlined its distribution in Texas. He states that: 
"This well known parasite occurs in the livers of cattle, sheep and 
goats of Texas in sufficient numbers to cause great damage. The 
portion of the state permanently infected consists of the coast counties 
and river bottoms." 

The complicated life cycle of the fluke was first worked out in 
Europe by Creplin, Weinland, Leuckart and Thomas, and is too well 
known to require repetition. They found the larval stages to be 
passed in a small snail, Limnaea truncatula. According to Stiles, 
Leuckart also showed that the redia, but not the cercaria, would de- 
velop in Limnaea peregra. He also states that Lutz observed that in 
the Hawaiian islands both L. oahuensis and L. rubella serve as inter- 
mediate hosts. Stiles (1894-95) pointed out that none of these closely 
allied species of snails are found in America, while fluke disease is 
found in both North and South America, and concludes that there is 
either on this continent some other species of snail which may act 
as intermediate host, or some of the species described in America must 
be identical with son\e of the above named forms. He also advanced 
the view that in North America suspicion would especially fall upon 
Limnaea humilis, Say. 

So far as we are aware, observations of the intermediate stages 
(sporocyst, redia, cercaria) of F. hepatica have never been recorded 
from any snail in North America. L. humilis, as suggested by Stiles, 
has been generally regarded as the intermediate host, but the fact has 
not been established. In view of the importance of this well known 
parasite, it seems surprising that this uncertainty regarding its North 
American intermediate host has not been cleared. 

From time to time sheep have been grazed on Galveston island, 
and fluke disease has appeared among them. It therefore appeared 
probable that a suitable intermediate host must exist upon the island. 
Collections of fresh Water snails from ephemeral pools on the island 



♦ Gjntribution Number 4, from the Laboratory of Bacteriology and Pre- 
ventive Medicine, Medical Department, University of Texas. 
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revealed the existence of three species, which were identified by Mr. 
H. B. Hannibal of San Francisco as : Limnaea humilis, Say, Physa 
fontinalis acuta, Drap., and Succinea grosvenorii, Lea. 

Owing to the general view that Limnaea humilis is the intermediate 
host, it appeared that infection experiments designed to clear up this 
point would be of value. A limited supply of the living ova of F: 
hepatica were secured through the kindness of Prof. A. C. Chandler 
of Rice Institute, collected from the bile ducts of cattle and sheep at 
the Houston abattoir. A collection of adult fresh water snails was 
made on the island in the middle of December and kept alive in an 
aquarium, with the hope that they would spawn, and provide an 
adequate supply of young snails. Both L, humilis and P. fontinalis 
were represented in the collection. The Limnaea died in about two 
weeks without spawning. On the other hand, the Physa survived 
considerably longer and by Dec. 27 had deposited several masses of 
spawn. 



Figure a. — Sketch of living redia of Fasciola hepatica. Length 560 micra. 
Figure b. — Dorsal and lateral view of shell of Physa fontinalis acuta, Drap. 
Length of scale 10 mm. 

The egg masses were transferred to a beaker containing tap 
water and algae, which was kept at room temperature, and were all 
hatched out by the middle of January. After all the young snails 
had emerged, a heavy suspension of F. hepatica ova was added to the 
beaker on January 16. At that time there were approximately 100 
active young Physa in the beaker, about 1 mm. in length. On January 
27 it was observed that the majority of the snails were dead and there 
were less than two dozen survivors. The remainder were examined 
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at varying intervals for larval stages of F, hepatica, by crushing them 
on a slide under a cover glass in a drop of the aquarium water. The 
records of these examinations follow : 



No. Snails Results of 

Date Crushed Examination 

1/27/20 2 Negative 

2/2/20 2 Negative 

2/12/20 3 Negative 

2/20/^ 1 Found two rediae 

2/27/20 3 Found three rediae 

in one snail 
3/10/20 5 Found eleven rediae 

in one snail 
3/12/20 4 Negative 



All of the fluke ova employed were apparently fertile, as none were 
observed in the aquarium by February 12 with the operculum in place, 
showing that a miricidium probably emerged from each ovum. 

The rediae were apparently in the digestive gland of the snail. 
The appearance of a single redia is shown in figure a. They were 
as actively motile as could bie expected, since they were under com- 
pression. Contraction and expansion of the body was marked in all, 
together with contraction and expansion of the muscular pharynx. 
The blind gut was filled with cellular debris evidently derived from the 
digestive gland of the snail. When contracted they measured about 
450 miCra in length, and when expanded, about 560 micra. The space 
between the cuticle and gut contained several masses of germinal cells. 
In none were cercariae found. 

It is to be regretted that we failed to secure a sufficient number 
of infected Physa so as to prolong the observations to determine 
whether cercariae would develop and emerge. As it is, the data pre- 
sented do not enable us to conclude that the larval cycle can be com- 
pleted in Physa, nor settle the question regarding L. humilis. Later 
in the season when we did secure a small brood of L. humilis from 
spawn, we were unable to secure any fluke eggs. 

In this connection, some statements by Gilchrist (1918) are of 
interest. He states that in South Africa the commonest fresh water 
snail is Physa (Isidora) tropica and that in them are found abundant 
stages of a fluke very closely resembling those of the liver fluke. He 
also states that in Australia the intermediate host of the liver fluke 
is believed to be a species of Physa, 
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.DIBOTHRIOCEPHALUS T^NIOIDES LEON, A NEW 
CASE IN ROUMANIA* 

N. Leon 

The helminth which forms the object of this note was sent by 
Doctor Bacaloglou, Professor of Clinical Medicine in our faculty, and 
accompanied by the following record : "Mr. P.-, 60 years old, director 
of a bank, had suffered for two months from gastro-intestinal troubles. 
He is habitually of good health, not syphilitic, alcoholic, nor given to 
smoking. The urine at present contains neither sugar nor albimien. 

"In spite of the efforts of several physicians, he continued to suffer 
with vague intestinal pains, and especially a painful morning diarrhea. 
On some days he had five or six evacuations, accompanied by par- 
ticles of solid mucus and even of whitish masses like coagulated white 
of t:gg. Milk diet to which he was submitted originally, aggravated 
all these symptoms. I discontinued the milk and put the patient on a 
diet composed of gruels, soups, and marmalades. I prescribed for 
him 0.50 eg. of calomel, and following this capsules with betol (1.50 
gm. daily with salicylated bismuth). Thereupon he expelled a long 
fragment of a broad tapeworm. As it did not possess the head, I had 
him take two days later 6 grams of extracts of male fern. In place of 
obtaining the remainder of the worm, which perhaps was lost with 
the fecal matter, the patient expelled a large specimen of Ascaris 
lumbricoides. 

"I add that the general condition of the patient, in spite of the 
gastro-intestinal troubles which had persisted for two months, was 
good. He had none of the anemia described by authors for carriers 
of the broad tapeworm — anemia which furthermore did <not «xist 
among other patients that I have cared for in that disease. A fortnight 
after the expulsion of the two parasites, I revisited the patient. He 
was happy at the disappearance of the diarrhea. The phenomena of 
mucomembranous entero-colitis are certainly related to the parasites 
that he harbored." 

The worm lacks the head, neck and a good portion of the chain 
with young rings. The length of the part evacuated is 82 cm., but the 
widest segments measure hardly 6 mm. The color is ashy yellow, and 
the segments are very delicate. The form of the segments varies 
according to age. The youngest, that is to say those closest to" the 
head, are a little broader than long, at most one and one-quarter, but 



* Laboratoire d'Histoirc naturelle medicalc et Parasitologie dc TUniversite 
de Jassy, Roumanie. 
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never several times broader, as in the case of Dibothriocephalus latus. 
The joints change in a gradual manner into a quadrate type equal in 
both dimensions. At the end the oldest joints are longer than broad, 
and all the longer because they are more advanced in age. In com- 
paring this specimen of Professor Bacaloglou's with the specimen that 
I described (No. 2 in the Centralblatt /. Bakt, I Aht, Originale, 
1916), I determine that the two individuals are the same species. The 



Fig. 1. — Dibothriocephalus taenioides. Fragments of chain. 

common characteristics which distinguish them from Dibothriocephalus 
latus are not anomalies, as I thought at the beginning, since the 
anomalies which have been observed among the Bothriocephalids, such 
as intercalated segments, fenestrated rings, scaly segments, etc., are 
isolated, or even if they form a portion of the chain, it is relatively 



Fig. 2. — End portion of the chain. 

very short in relation to the length of the normal worm. The abnormal 
rings are always situated between other rings of the normal series. 
The coils of the uterus, which show themselves easily on account of 
the transparency when they, are full of eggs, are two or three in niun- 
ber, and their arrangement takes a characteristic forip, bi- or tricor- 
nuate (Fig. 3). Even under the naked eye and at a distance one 
recognizes that the worm is not Dibothriocephalus latus. In that 
species the coils in general number five on each side. They show 
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themselves under the classic appearance of a rosette, while in Dibothrio- 
cephalus taenioides they are, as I have said above, hi- or tricomuate. 

The characteristics which necessitate the creation of this species 
under the name of Dibathriacephaltis taenioides are the following ; 

(a) Form of Proglottids. — The ripe joints are always longer than 
broad, and the others follow on with the most striking regularity as 
in T. solium or T. saginata, first those a little broader than long ; then 
those which are quadrate and following them such as are longer 
than broad. 

(b) Sise of Segments, — The largest segments of Dibothriocephalus 
taenioides hardly reach 6 mm., but the major part are narrow as in 
Dibothriocephalus parvus Stephens ; yet they differ from segments of 
the latter in that these, although very narrow, are very short, while 
the segments of Dibothriocephalus taenioides, while narrow, are long. 



Fig. 3. — At left, Dibothriocephalus taenioides, and at right, Dibothriocephalus 
latus, photographed to compare uterine rosettes. 

(c) Form of the Uterine Rosette. — In Dibothriocephalus latus the 
uterine coils are five on each side, forming the characteristic uterine 
rosette, while in Dibothriocephalus taenioides uterine coils filled with 
eggs number only two or three. 

(d) Musculature. — The musculature, both longitudinal and circu- 
lar, is markedly reduced, so that as a result Dibothriocephalus 
taenioides is very slender. 

(e) The color is a characteristic ashy yellow. 

The preparations are preserved in the collection of the Laboratory 
of Parasitology of the Faculty of Medicine at Jassy. 
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A NEW COURSE FOR MIGRATING ANCYLOSTOMA 

AND STRONGYLOIDES LARVAE 

AFTER ORAL INFECTION 

SAdao Yoshida 
Pathological Department, Osaka Medical College 

Osaka, Japan 

The modes of infection and course of migration for Ancylostoma 
and Strongyloides have been accurately and decisively investigated by 
various helmintholc^sts old and new; especially recent works by 
Looss and Fulleborn have decided almost all problems in the subject 
so fully that no further investigations are needed. 

Ancylostoma and Strongyloides larvae are believed to infect in 
two ways, through the skin and the mouth, the former being the more 
prevalent manner of infection. The course of the migrating larvae in 
the host is essentially the same in both cases of skin and of oral 
infection. Sooner or later they migrate into the lungs by means of 
blood • vessels or sometimes by the lymph system; then the majority 
of the larvae in the lungs pass through the trachea, esophagus and 
stomach to the small intestine where they grow into the adult form; 
but a few of them migrate from the lungs to the intestinal wall by 
way of the blood vessels, passing through the pulmonary vein, heart 
and mesenteric arteries, whence they penetrate into the canal of the 
intestine where they become mature. 

This is the universally recognized course of the larvae in the body 
of the host. In connection with my study on the migration of 
ascarid larvae in the body of their host, it occurred to me that the 
well defined course of Ancylostoma and Strongyloides larvae in the 
host although the principal one, may not be the only one. The follow- 
ing experiments will serve to test not only the new course of migrating 
Ancylostoma and Strongyloides larvae, but prove definitely my pro- 
posal regarding the migration of ascarid larvae. 

For the experiments Ancylostoma larvae were cultured from eggs 
from human feces and filariform Strongyloides larvae were obtained 
from a culture of eggs from the feces of some monkeys. 

Exp. 1. At 5 p. m. on July 17, 1918, two guinea-pigs, A and B, were fed 
with the Strongyloides larvae cultured for nine days. Animal A was killed 
at 1 p. m. on the next day, twenty hours later. Two specimens of active 
larvae were found in the pleural cavity and three in the abdominal, but 
none in the lungs. 

Exp. 2. At 9 a. m. on July 24, a guinea-pig was fed with the Strongyloides 
larvae cultured seven days and it was killed at noon on the next day, twenty- 
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seven hours later. Six specimens were found in the abdominal cavity, two 
in the pleural and two in the left lung but none in a piece of the liver. 
Pancreas unexamined. 

Exp. 3. Animal B of Exp. 1 was killed at 9 a. m. on July 19, forty hours 
after feeding. Two living larvae were found in the abdominal cavity and 
three in the lung which was slightly blooded, also three in a piece of the 
liver and one in the pancreas. 

Exp. 4. At 11 a. m. on July 19, a guinea-pig was fed with the Strongyloides 
larvae cultured eight days and at 11 a. m. on the twenty-third, ninety-six 
hours later, it was killed. Abdominal examination was interfered with on 
account of bleeding by cutting the liver carelessly. Only one specimen in the 
pleural cavity, three in the right lung and two in a piece of the liver. Pancreas 
unexamined. 

Exp. 5. At 11 a. m. on July 19, a guinea-pig was fed with the Ancylostoma 
larvae cultured eight days and at 1 p. m. on the next day it was killed, 
twenty-six hours after feeding. Two worms were found in the pleural cavity, 
five in the abdominal cavity, many in the lungs, a few in the liver and three 
in the pancreas. 

Exp. 6. At 9 a. m. on July 24, a guinea-pig was fed with the Ancylostoma 
larvae and at 3 p. m. on the next day it was killed, thirty hours latef. Three 
were in the pleural cavity, four in the abdominal, many in the lungs, two 
in a piece of the liver and one^in the pancreas. 

Exp. 7. During three hours from 9 to 12 a. m. on July 22, Strongyloides larvae 
six days old were smeared from time to time on the abdominal skin, where 
the hair was cut of! closely and shaved, and the animal was fixed on the holder 
until 5 p. m. Then it was put in the cage after the smeared part had been 
cleaned. At 9 a. m. on the next day, about twenty-four hours later, it was 
killed. Four were found in the abdominal cavity and two in the pancreas, but 
none in the lungs, pleural cavity or in one-half of the liver. 

From the above experiments one may easily assume the two facts 
that: 1, Ancylostoma and Strongyloides larvae introduced into the 
alimentary canal of the feeding animal may appear in the abdominal 
and pleural cavities at least twenty- four hours later, and may pene- 
trate into the liver, pancreas and lungs ; 2, Strongyloides larvae smeared 
on the shaved skin of the abdomen may pierce through the abdominal 
wall and appear in the abdominal cavity or penetrate into the organs 
of the cavity in about twenty-four hours. 

The piercing power of Ancylostoma and Strongyloides larvae is 
commonly recognized without which skin infection or further migra- 
tion into the intestinal wall by the -larvae infected, is not easily 
explained. The above experiments also show the fact clearly that 
the larvae may pierce through the skin or the wall of the alimentary 
tract. 

Appearance in the pleural cavity of larvae introduced into the 
alimentary canal is explained in two possible ways: 1, the larvae may 
pierce through the esophageal wall and reach the pleural cavity and 
2, the larvae may pierce through- the gastral or intestinal wall to 
enter first the abdominal cavity, and thence proceed to the pleural 
cavity by passing through the diaphragm. Previous authors fre- 
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quently reported finding larvae in the esophageal wall. So the first 
way may be supposed to exist. From the result of the above experi- 
ments as well as from my conclusion obtained by experiments on the 
migration of ascarid larvae, it seems to me, however, that the second 
way is the more common and usual course of the larvae reaching the 
pleural cavity. 

Thus I am strongly inclined to believe in the piercing power of 
larvae in their migration, during which they enter the abdominal 
cavity by boring the alimentary wall and thence proceed to the pleural 
cavity by passing through the diaphragm and lastly penetrate the 
lungs from the surface, as in the case of ascarid larvae. This will 
be probably a new course for the migration of Ancylostoma and 
Strongyloides larvae in the body of the host. 

Fiilleborn described finding Strongyloides larvae not only in the 
lungs but in the liver and kidneys of a dog fed with the larvae 
and explained the appearance of the larvae by their migration by way 
of blood vessels. His theory may be true. However, I believe it 
is also reasonable to explain the presencec of larvae in these organs 
by direct penetration from the surface by means of their own piercing 
power. Some larvae in these organs may certainly be considered to 
have penetrated from the abdominal cavity which they reached from 
the intestine by passing through its wall. The larvae in the pancreas 
of my case may also be understood to have entered the organ from 
its surface, not by way of blood vessels. 

There may be hard places for the larvae to pass from the intestine 
to the kidney, if they go by means of blood circulation. Thus it 
will be harder for the larvae to reach the kidneys and pancreas from 
the intestine by way of blood vessels than by the direct penetration 
into the organs from their surface by their own piercing power. 

Several authors report cases in which they found many larvae in the 
tissues of the intestinal wall instead of in the blood vessels. Might 
this not be a case showing their penetration through the tissues? 
And some investigators described relatively scant occurrence or even 
absence of larvae in the liver of the infected animal whereas the 
lungs were heavily invaded. THis may, of course, be partly attributed 
to an incomplete examination, but is also easily explained by assuming 
the direct migration of the larvae. 

I am inclined to believe that the direct penetrating migration of 
Ancylostoma and Strongyloides larvae in passing through the tissues 
of the host, is a new course, additional to the old well known route 
by the blood vessels. 
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A METHOD OF CONCENTRATION OF PARASITIC 
EGGS IN FECES 

William H. Gates 

The microscopic examination of feces for eggs of intestinal, hepatic 
and some other parasites depends largely for success upon discarding 
unnecessary fecal matter and concentrating eggs into as small a space 
as possible. Many methods have been devised (see Hall, Bull. 135, 
U. S. Dept. Agric). A modification used by the author is*as follows: 

After straining through a seive a large quantity of material, or 
using a smaller quantity without thia, feces are centrifuged first with 
water to wash oflf surplus lighter material, and later with sodium 
chlorid, or better, calcium chlorid solution, sp. gr. 1.250, to remove 
the bulk of the material and float the eggs practically iree from sedi- 
ment. The top one or two cubic centimeters are then removed with 
a pipette, drawing chiefly from the rim of the meniscus, and centri- 
fuged again with water, which throws the eggs to the bottom. The 
water is then poured oflf, leaving cdl of the sediment in the bottom. 
This sediment is agitated vigorously by holding the tube in the closed 
hand and pounding on the table. This stirs up all or nearly all of 
the eggs which may have stuck to the bottom, though a few eggs can- 
not be removed except with a brush. The sediment is quickly poured 
into a small dish. The centrifuge tube is rinsed out by squirting water 
forcibly into it and this also is poured immediately into the dish. 
The eggs settle rather rapidly and are loosened from the bottom by 
forcing a little water around the edge to produce a slight whorl. 
Then before the eggs have a chance to settle, agitate the dish in the 
same circular direction so that the water tends to form a vortex, 
gradually diminishing the motion until it is hardly more than a jar. 
Practically all of the eggs will be found to have settled within a 
very small field. 

For gross examination with the low powers, the eggs may be left 
in the dish and examined directly. To examine more carefully, under 
a high degree of concentration, draw up with a pipette a small quan- 
tity of water from the center of the mass of eggs; hold this vertical 
and steady for a half minute or so. Most of the eggs will settle, 
so that a single drop forced out on the slide will contain nearly all, 
if not all, of the eggs drawn up into the pipette. For still further 
concentration, allow the eggs on the slide to settle, and then with a 
blotter or lens paper very carefully remove a portion of the water 
from the top of the drop and add another drop. If repeated with 
care, a large mass of eggs may be collected in the space of a cover 
slip. This is especially satisfactory if the eggs have been in alcohol 
for the alcohol will evaporate, leaving the eggs in the center. 
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Manual of Tropical Medione. By Aldo Castellani, C.M.G., M.D., M.R.C.P. 
and Albert J. Chalmers, M.D., F.R.C.S., D.P.H. Third Edition. New 
York, 1920, William Wood and Company. 2436 pages, 909 text figures 
and 16 colored plates. 

The appearance of this magnificent volume was so closely coincident with 
the news of the sudden and unfortunate death of the junior author that the 
work stands in a very real sense as a monument to his ability and industry, 
in every way worthy of a career which, though brief, was one of marked 
achievement. 

While the second edition of this manual has been out of print for some 
years, there has* been a natural delay in the preparation of the new edition 
due to the war and its consequent difHculties in many directions. Despite 
these, the authors have succeeded in producing a work that is in every way 
worthy of high praise. So far as mere size goes, the new material introduced 
has expanded the volume fully one half and the illustrations by an, equal 
amotmt. Nor has this been all, since the use of smaller type for historical 
and subsidiary items has allowed the introduction of still more new matter. 
The work is not only admirably comprehensive without being diffuse but the 
index, which covers 152 pages, and is in every way well constructed, makes 
the book useful for rapid reference as few of its size really are. 

Much new matter has been added to chapters on plague, fevers, influenza, 
cat bite fevers, typhus, etc., and the additions incorporate in large part the 
most recent studies on the relations of animals to these diseases. ^Entirely 
new chapters on war zone fevers, diagnosis of tropical fevers, tropical poison- 
ings, myiases and allied conditions, among others, give evidence of the careful 
efforts exerted to bring the work fully up to date and to enhance its practical 
value for the worker in the tropics. The rather scanty treatment of tsutsu- 
gamushi disease, so important in Japan, is no doubt due to the inaccessibility 
of the literature, some of the most significant of which is also of very recent date. 

Part I of this work is introductory and contains chapters on the history of 
tropical medicine, tropical races, climatology, foods, diseases, fitness for tropi- 
cal life. Part II, the classification of diseases in the tropics, has separate 
sections covering physical causes, chemical causes and parasites, both animal 
and vegetable. Part III, the diseases of the tropics, has sections on fevers, 
general diseases, and systemic diseases. Each of these sections is sub-divided 
on the basis of causation. It is interestisg to note that under the fevers 
thirteen chapters are devoted to those probably of protozoal origin and car- 
ried by animals, three chapters to those of bacterial origin, of which two are 
related to animal carriers, and only four chapters to other types of fevers. 
In the section on general diseases, animal causation is held responsible for 
two-thirds of the diseases listed. No better evidence could be given of the 
tremendous role played by animal parasites in tropical diseases. And no one 
can examine a work like this without being profoundly convinced of the 
importance of thorough study of animal life for the worker in tropical medicine. 

Attention may properly be confined here to those details that fall within the 
scope of parasitology, although other parts of the book are not only of great 
interest to workers in medical zoology but are full of valuable material bear- 
ing directly upon their subject. 

The changes in section C, Parasites, which embraces 740 pages, are so 
great that one may properly regard this part as a new monograph on the 
topic. Especially worthy of note is the introduction of a new chapter entitled 
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The Animal Carriers of Disease, which discusses in thoro fashion the prob- 
lems connected with animal carriers, relation of hosts, the question of dis- 
ease reservoirs, contrasts between different types of insect borne diseases, 
complex life histories of worm parasites and the contrasting relations of 
bacterial diseases to animal carriers. 

Under Animal Parasites the forms are classified in accordance with the 
zoological system. This has been carefully applied by an author who is not 
only well acquainted with the animals, but is familiar with the necessary 
restrictions that have grown up in the subject and that must apply to those 
who, tho not zoologists, find it necessary to utilize technical material in the 
field. It would be a piece of good fortune for zoological research and for 
the proper treatment of parasitic diseases if every worker in this field were 
compelled to study carefully the material presented in this section of the 
volume. The authors have made a good move towards the substitution of 
uniformity for the chaos that exists in medical literature by following, for 
the names of parasites, as in previous editions, the rules of the International 
Zoological Congress. It would be hard to find a clearer and more convincing 
statement of the case concerning nomenclature of parasites than that given in 
a half page in the preliminary paragraphs under the division on animal 
parasites. 

Undoubtedly the most difficult phase of this topic is that which treats of 
protozoal parasites. The organisms are so minute, the differences so diffi- 
cult to determine, and many types are to the untrained observer so thoroly 
identical, that even in more technical publications there is great confusion 
with reference to the number of forms that may rightly be distinguished as 
independent, types of organisms. It is a little unfortunate that the author 
could not have had for consideration the recent comprehensive study of the 
Amoeba Living in Man by Dobell, reviewed in a recent number of this Journal. 
The differences between the two accounts ai-e sufficient to be the source of 
serious confusion to those who have not made an intensive study of the field. 
Specialists recognize, however, that such differences are inevitable in early 
work on any topic, and it is not too much to say that we have only just * 
begun to get a grasp on these forms. 

There is no synopsis of the protozoa parasite in man in which the topic is 
presented so completely and at the same time so concisely as in the volume 
under revision. Its fairness in presenting various aspects of disputed ques- 
tions and its completeness make the record invaluable for those who are trying 
to work on these little-known organisms. Chalmers includes the Spirochaetes 
along side of the Trypanosomes under the Binucleata and thus conforms to 
the opinion of most zoologists, altho he departs from the views of many 
pathologists and especially of the bacteriologists who would include them with 
the bacteria. While it is undoubtedly too early to reach a final conclusion on 
so complex and obscure a question, yet for the purposes of this volume and 
of work in tropical medicine the setting given these forms is abundantly 
justified. 

It is indeed in the group of flagellates that the greatest confusion obtains 
at the present moment. Not only do these forms lack in recognizable morpho- 
logical characteristics but they are so minute and include so many types that 
are merely developmental stages that even the trained observer is inclined 
at times to abandon the attempt to interpret forms he finds. In this field 
Chalmers has himself worked so long and successfully that the scientific world 
is fortunate in having him to guide its progress thru the intricate mazes of 
the problem. And many new genera make their appearance for the first time 
in these pages in proper Systematic relations. 

Much new material has been included in the section on the Sporozoa and 
the work gives the best available survey of this which is another little known 
field. The treatment of parasitic worms may also be commended for its corn- 
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pleteness and for the judgment exercised in introducing new material. One 
finds little to criticize; perhaps the accounts of the life history of Ascaris and 
of Schistosomes are the most imperfect. 

The short chapter on the leeches is rather unsatisfactory and the single 
figure given is really little more than a joke, but this group is no doubt of 
all the least significant for the worker on tropical diseases. The Arthropod 
chapter is well handled, if one excuse the omission on grounds difficult to 
suggest in view of the completeness of the work otherwise, of the splendid work 
done by Howard and his colleagues on mosquitoes. 

Some minor points deserve passing criticism; the authors use, for instance, 
in a sjmopsis the names Platyhelmia and Nemathelmia which appear in other 
places as Platyhelminthes and Nemathelminthes. Such variant forms, easily 
recognized by the specialist, are apt to be serious stumbling blocks for those 
not trained in zoological lines- Tho some of the misprints of the earlier 
edition have been corrected, others still remain not merely in the names of 
well-known scientific workers and journals, but in a few scientific names 
where it might be difficult to recognize in Collyrichum and Hocyalomma the 
correct forms Collyriclum and Hyalomma. It is unfortunate to find such terms 
as Rattenkonig cercaricte, which is not even a correct citation of the German 
term and is readily translatable by the equivalent Gorgonocephaloid. 

On the whole the figures are admirable and abundant. The colored plates 
arc very well done and the photographs of eggs by Bell are both new and 
thoroly desirable, altho some of them have come out in the printing rather 
indistinctly and the value of the representations (p. 626) of such as are of 
doubtful identification is seriously reduced in that no indication is given of 
the magnification or actual size. The literature lists have unfortunately not 
been revised and stand almost everywhere exactly as in the earlier edition, 
altho much new and very important material has been added to the text. 
This throws a heavy burden upon the student who wishes to refer to the 
recent contributions in order to follow up more fully an individual problem. 
Typographical errors seem to be more frequent in authors* names and in the 
designation of periodicals than elsewhere, altho it must be confessed that the 
percentage of such errors is fortunately small. 

It' would be hard to record the excellencies of the work with the same ful- 
ness with which the minor errors have just been reviewed. From cover to 
cover the volume shows adequate knowledge and control of the field. Its con- 
ciseness and clearness of presentation cannot be too highly commended. The 
fulness with which it includes most recent work, and the freedom from bias 
in dealing with moot questions and unsolved problems are admirable features 
that must be emphasized in closing this review. The work is a storehouse of 
splendidly arranged material, and as such is indispensable to every worker 
interested in any phase of medical zoology. 
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ETIOLOGY OF TSUTSUGAMUSHI DISEASE* 

Naosuke Hayashi 
From the Pathological Institute, Aichi Medical College, Nagoya, Japan 

An endemic infectious disease, called Tsutsugamushi disease 
(Kedani fever, river fever), occurs in Japan along the rivers in the 
northern provinces. In spite of the persistent efforts of numerous 
workers, its etiology has been very difficult to determine. This pecu- 
liar disease has a close resemblance to Rocky Mountain spotted fever 
in America, but it is transmitted by a different insect. The carrier 
of the Japanese disease is a minute red mite, abundant in the infested 
region, that is, in the low lying cultivated fields along the Shinano 
river, between the riverside and embankments which vary up to one 
and a half miles from the river. These fields are at times during the 
summer covered by overflow water. In nature the mite is ectoparasitic 
in the ear of field mice, but it freely attacks human beings as well as 
other animals whenever accessible. Zoologically, it is considered 
Leptiis akamushi (Brumpt), a species distinct from the well known 
L, autumnalis of Europe. 

The early clinical course of the disease is marked by a gradual 
rise of the body temperature, a characteristic lesion at the site of 
the bite, and swelling of adjacent lymph nodes. The incubation period 
is about eight days. The fever, which is usually 38^-39'' C. in the 
early stage, may rise to 40"^ C. or even higher, and usually lasts three 
or four weeks. Complete recovery requires a month or more. In 
bad cases a fatal result follows about ten days after the onset. The 
mortality of the disease is approximately forty per cent. 



♦ My work on this disease was started in 1906 and has been continued up 
to 1919. Many of my findings in the course of these twelve years' investigation 
have been published in Japanese medical journals (Hokuetsu Igakkai Zasshi, 
no. 156, 1906; no. 158, 1907; no. 162, 1908; no. 165, 1909; no. 168, 1909; no. 173, 
1910. Chu-o Igakkai Zasshi, no. 124. 1915; no. 127, 1916; no. 130, 1916. 
Hayashi, N., Mukoyama, T., Oshima, F. : Chu-o Igakkai Zasshi, no. 138, 1918; 
1919 [xxvi] no. 2). A summary of these findings together with new facts and 
conclusions with regard to the etiology of this disease is of especial interest 
in connection with recent American contributions to the study of Rocky Moun- 
tain spotted fever. I have been very much pleased to find in Dr. Wolbach's 
recent detailed description of the organism found in the American fever, a 
very close similarity to the bodies which I found in the closely related Japanese 
disease. 
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The microscopical examination of fresh material in the hanging 
drop shows a number of refractile, spherical bodies, each measuring 
from 1 to 3fi in diameter, without any perceptible movement. They 
rarely occur in clusters, but two or three of them may often be seen 
linked together. As a rule, when two bodies are coupled, one is 
decidedly larger than the other. The smaller half of the couple often 
aippears as if it were a pseudopodium of the larger. I discovered 
these peculiar bodies in 1906, and designated them as the Spheroid 
Bodies. The examination of blood shows, in addition to these, others 
which I have called the "rod-bodies." There are two kinds, the first 
large and the second very small; the large one measures about 7 
by SfjL, It contains a spherical refractile area resembling a nucleus and 
a number of much more refractile granules toward the periphery, and 
is always found close to the surface of the red blood cells. The 
small "rod body" measures about 3 by 0.5/ti and resembles a bacterium. 
It shows no evidence of motility. 

Varying numbers of the spheroid as well as rod bodies are often 
found embedded in the cytoplasm of the cells of the exudate and of 
lymph nodes. Fresh sections examined in normal salt solution, glycer- 
ine or dilute acetic acid show these bodies intracellularly, and their 
morphological characters are identical with those that are found extra- 
cellularly. 

The lesion which develops at the location of the hitt is quite 
unique, being comparable only with the chancre of syphilis. In the 
earliest stage that can be identified, the wound is much raised and is 
about the size of a small pea, being 2-3 mm. in diameter. It has 
first a reddish purple color, and later a blackish necrotic appearance. 
A smear from the wound at this stage shows a large number of very 
small rod and spheroid bodies, but cultures taken from the same source 
at the same time are entirely negative. The wound usually commences 
to heal through the regeneration of surrounding tissues when the case 
is cm the way to recovery, and thus shows close parallelism with the 
general clinical course of the disease. Obvious as is the importance 
of the study of the wound, it has received little attention. On account 
of its being exposed, thus offering opportunity for various secondary 
infections, the result of observations are of little value unless con- 
trolled by bacterial cultures in every case. 

At the onset of the fever, the minute bodies appear in great abun- 
dance in the smear. Most of them are seen to be more or less enlarged. 
Even at this stage cultures do not demonstrate any bacterial infection. 
At the height of the fever, when the superficial, degenerated tissue of 
the lesions falls off, leaving a small ulcer,' there usually occurs a 
secondary infection with common bacteria such as staphylococci, as 
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detected by cultures. In mild cases, the rod and spheroid bodies, as 
well as bacteria, gradually decrease in number, hand in hand with the 
decline in fever. 

In later stages, with necrosis and ulceration of the lesion, the 
exudate usually contains bacteria. The wandering cells which appear 
in large number in th^ lesion are actively phagocytic. Some of these 
phagocytes contain in addition to degenerative products of red blood 
cells and tissue cells, a large number of rod as well as spheroid bodies. 
The manner in which the minute bodies are included in cytoplasm of 
these cells is identical with the conditions in the cells of lymph nodes. 

The rod-bodies are extremely small, measuring 1-2, rarely 3/ti in 
length. Loeffler's methylene blue and ordinary Giemsa solution stain 
them blue throughout like bacteria, but Prowazek's trachoma granule 
stain brings out in the rod-body, a circular area of chromatin substance 
staining purplish, leaving the rest of the body blue although not as 
distinct as in protozoa. Hematoxylin also gives a staining reaction 
of the circular area characteristic of chromatin. The rod-body is 
typically more or less pointed at one end, and slightly rounded at the 
other; the chromatin area being at the round end (PI. X, Figs. 18, 24). 
Some of the rod-bodies show a chromatin area at each end (Figs. 19, 
20, 21 ) . In those that are as long as 3;* the chromatin substance may 
appear to lie outside the body and attached to one end of the latter 
by a narrow belt of achromatic substance. (PI. X, figs. 25, 26; PI. XI, 
figs. 3, 5). The largest of the rod-bodies may measure 7 by 2/i and 
may even at a glance appear like trypanosomes (Figs. 15, 16). These 
giant forms also contain either at the end or middle, one or two masses 
of chromatic substance. 

These spheroid bodies are comparatively large, being 2-2/1 in diam- 
eter, and stain deeply like cocci. A characteristic figure often seen 
shows two spheroid bodies of distinctly different sizes coupled together 
(PI. X, Figs. 27, 28, 31), or in a manner resembling diplococci (Fig. 
29, 30, 6B), or even in chain formation. Frequently chromatic sub- 
stance in the center stains more deeply than the perijAeral area. These 
characteristic features are more conspicuous in larger forms than in 
smaller ones. 

The swelling of lymph nodes adjacent to the bite takes place in 
the early clinical stage, when the wound is still elevated and the body 
temperature only slightly raised. Although some lymph nodes were 
removed by operation in an early stage the greater part of my material 
was obtained after the development of distinct fever (38.5^-39*' C^. 
All of the lymph nodes in the region manifest swelling though in 
different d^jee. At the height of the fever, material was often taken 
by puncture with the syringe; it was collected at autopsy, and also- 
by operation at various stages in experimental infection of animals. 
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Examination of sections and smear preparations has shown the 
presence of peculiar granules, which are taken up by the giant phago- 
cytes of endothelial nature. These granules and phagocytes occur 
most abundantly around the bite in the adjacent lymph nodes and 
spleen. Morphologically, three types of granules and phagocytes are 
found in the cytoplasm of the large mononuclear lymphoid cell, namely : 

(a) A large ring-shaped chromatic body with an achromatic area 
(PL I, la; PI. XI, Figs. 10a, 11a, 12a, 13a). 

(b) A spherical body showing deep and uniform blue staining, but 
containing reddish chromatin substance having a bipolar distribution, 
and resembling a diplococcus (PI. IX, Fig. IB, lb). 

(c) An exceedingly small rod shaped body, often more of comma- 
shape, or with dumb-bell-like construction. This third type of the 
granules is most abundant (PI. IX, Figs. 2, 3, 4, 5). 

In 1915, I found granules identical with those just described in 
small lymphocytes from lymph nodes removed early by operation. 
Examined with the Giemsa-Prowazek stain, minute granules can be 
demonstrated in the narrow area of blue cytoplasm around the purple 
nucleus. With the aid of a Zeiss Yvi objective and ocular 6 or 8, 
the granules can be easily classified into the three types already 
described. Here, more than in other cases, the rod-shaped type pre- 
dominated. The rod-body is more or less rounded at one end, and 
pointed at the other. A proper stain shows the round end reddish 
purple, and the pointed end blue. Delafield's hematoxylin brings out 
similarly the three types of granules, and also diflFerentiates clearly the 
round end of the rod-body. 

In general, the granules are fairly constant in size. The number 
embedded in a single cell varies from a few to approximately two 
hundred, but more commonly from ten to sixty. These are usually 
more or less localized in the enlarged portion of the cytoplasm (PI. 
IX, Fig. 2; PI. XI, Figs. 2a, 3a), or in the area of the cytoplasm 
formed by the indented nucleus. 

The lymph (from lymph nodes) also contains three types of the 
granules. Here, too, the granules may be found in clusters in many 
cases, although some may be solitary. In addition, the fluid often 
contains a fourth type of granule, round in shape with a centrally 
located red-staining spot and a narrow achromatic ring, which is in 
turn surrounded by a finely granular peripheral zone (PI. XI, Figs. 17, 
18, 19). I have given the name of "oocystoid body*' to this type. 

It is natural to suppose that the virus of Tsutsugamushi disease 
may be found in the blood, after it enters the body of the patient 
through the bite. Its demonstration would be of great value, especially 
as affording a comparatively simple means of accurate diagnosis. Cover 



Digitized by 



Goo^^ 



HAYASHl-^ETIOLOGY OF TSUTSUGAMUSHI DISEASE S7 

glass smears from a large number of severe cases all showed the 
presence of the peculiar granular bodies, in or on the red corpuscles. 
In mild cases, or those in very early or late stages, none, or a very 
small number of the bodies were observed. These bodies may also 
occur in any type of white blood cell, and, moreover, may be seen 
scattered freely in the blood plasma. These facts I reported in 1906. 

The granular bodies are minute, strongly refractile, and usually 
found within or on red corpuscles (PI. X, Figs. 6c, 7). A highly mag- 
nified picture of Giemsa-Prowazek stained specimens (PI. X, Figs. 6, 
7) shows that these bodies are in no way different, as far as could 
be observed, from the minute bodies already described in the lymphoid 
cells. They are usually comma-shaped, but often modified into rod 
or dumb-bell shapes. They are, as a rule, evenly distributed within 
the cell, although scwnetimes grouped in one part of it. The number 
of the bodies in a red cell varies from a few to many. Enlarged forms, 
such as are found in the cells of the lymph nodes, also occur in the 
blood (PI. X, Fig. 6A, 14). The minute bodies may be seen free in 
the blood plasma during the eruptive stage even in the case of a slight 
attack. The smaller forms of these extra-cellular bodies may appear 
in a thickly crowded group (PI. XI, Fig. 1, 16a), while sofne of the 
larger forms may be found coupled with smaller ones (PI. X, Figs. 
15, 16, 17). This phenomenon of coupling among the larger bodies is 
of special interest, as it takes place only in very severe cases. 

Sometimes with the Giemsa-Prowazek stain a chromatin mass sur- 
rounded by an achromatic ring was seen at one end of the body (PI. 
X, Figs. 12, 13, 14). Some bodies are round (Figs. 12 13), others 
elongated (Fig. 14). The former is like a ring body of the malaria 
Plasmodium; the latter has two (end and center) chromatin spots, the 
central being very small. Delafield's hematoxylin also brings out these 
chromatin spots. 

The enlargement of the spleen in Tsutsugamushi disease, usually 
encountered at autopsy, can be easily detected clinically. Material 
taken by puncture with a syringe always contains a large quantity of 
red cells, but pulp-cells are rarely seen. The minute granular bodies 
are abundantly demonstrated in these cells in many cases. This is 
also true in the case of autopsy material. Generally speaking, the 
smaller type of granular bodies seems to predominate in this organ 
(PI. XI, Fig. 8a). 

ANIMAL EXPERIMENTS 

1. Infection through the bite of the mite: Animals (monkeys, rab- 
bits, guinea-pigs, rats and calves) were allowed to be attacked by the 
mites in the infested region, and after recognizing the evidence of the 
bite on them, development of symptoms was carefully watched for. 
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The monkey shows the most typical rise of body temperature, the 
guinea-pig a less typical fever, and the calf only a slight rise of tem- 
perature. The rabbit shows no change. 

Positive infection of a monkey {Pithecus fuscatus Blyth, the short- 
tailed species occurring in Thikoku, Japan) through the bite of the 
mite was first proved by the author in 1906. In this animal, the typical 
lesion of the bite developed, along with the enlargement of the lymph 
nodes and the characteristic fever, four or five days after the bite was 
recognized. The general clinical changes closely resemble those in 
human cases, even to the occurrence of leukopenia. The characteristic 
minute bodies, described from human cases, are present in the phago- 
cytic cells of lymph nodes and spleen ; in a later stage, also in those 
of bone marrow, and still later in most of ^he other internal organs. 
These bodies were also found free in body fluids. The infected 
monkeys usually recover in a week or two. 

Guinea-pigs show no special pathologic change at the site of the 
bite, although swelling of adjacent lymph nodes and fever develop 
within several days after they are bitten. In these cases, too, the 
minute bodies of several types were abundantly demonstrated in the 
lymph nodes, blood and other tissues. 

2. Transmission Through Injection of Infected Blood : The typical 
symptoms of the disease were successfully reproduced in the monkey 
by subcutaneous injections of the blood from the severe human cases. 
The diseases can also be transmitted from the monkey thus infected 
to other monkeys by inoculating them with blood drawn from the 
former. Similar experiments with guinea-pigs also gave positive 
results. Moreover, the injection of blood or emulsified organs from 
infected guinea-pigs into other animals, into monkeys, was followed 
by the development of unmistakable symptoms. 

3. The Relation of the Mite and Field Mice: As stated already, 
the mite is parasitic on the inside of the external ear of the field mouse, 
which is very abundant in the infested region. In 1910, I was able 
to demonstrate that the field mouse is a bearer of the virus of Tsutsu- 
gamushi disease. . ' , . 

Aerobic and anaerobic cultures, ,on various solid as well as liquid 
media, were repeatedly taken from a large number of human and 
animal cases, always with negative results. A few of the ccMnmon 
varieties of bacteria or often yeasts developed in some cultures, but 
no organism that can be considered as the causative agent of the dis- 
ease has ever been detected in any erf them. 

By using Kleine's ( 1905) piroplasm medium, it was possible to recog- 
nize the presence of the minute bodies described in this paper, but no 
definite growth has been demonstrated on this or on the Novy-Mac- 
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Neal-Nicoll medium. The cocci bodies, grown on Loeffler's serum-agar 
by Nagayo and his associates in 1917, could not be found in repeated 
experiments which I made with the same medium. The possibility of 
cultivating the virus of the disease has not thus far been definitely 
demonstrated. 

Under natural conditions healthy individuals do not contract the 
infection directly from patients suffering from the disease, the virus 
being transmitted only through the mite. It has been noted in earlier 
publications that a certain degree of immunity follows recovery from 
this disease. A second infection may occur some years later but the 
case is never severe. A third, or even fourth infection, in a very 
light form is also known. In animals, however, I found that no 
second infection was possible, in spite of many trials. I have also 
noted that the first infection is very mild in children or in young 
individuals, while in adults over forty it is frequently fatal. 

The resistance of the virus to thermal change and putrefaction is 
very slight, as virus from human as well as animal cases is no longer 
virulent a day or two after it has been taken. Another important 
fact is that the virus is absent from the filtrate through Pukall or 
Berkefeld filters. This point, first reported by Kitajima and Miyajima, 
was recently confirmed by Nagayo. 

DISCUSSION 

1. The Granular Bodies in the Lymphoid Cells: The larger types 
of these ring or spheroid bodies are found in large mononuclear cells, 
as well as in the cells of the spleen pulp, while the minute type (rod 
bodies) are embedded in the cjrtoplasm of small mononuclear lymphoid 
cells. 

Since Ehrlich^s classical work it has been believed until very recently 
that the mononuclear lymphoid cell is not granulated under either 
normal or pathological condition^. Among others, Pappenheim and 
Schridde have shown the occurrence of fuchsinophile granules, which 
are now known to be the true mitochondria. More recently azure 
granules of problematic nature have also been described in this type 
of cells. These granules are, however, of diflferent chemical nature 
from my granular bodies, as can be seen from their staining reactions. 
It is beyond doubt that the former could not be considered identical, 
or even genetically related to the latter. An extensive examination 
has failed to demonstrate the granular bodies in lymphoid cells in 
normal individuals, leading to the conclusion that they are not normal 
constituents of these cells. Nor have the granular bodies been 
observed in the lymphoid cells in any case of lymphoid hyperplasia 
that I have examined. 
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The impossibility of the granular bodies being any sort of degen- 
eration products, which might become phagocyted by lymphoid cells, 
is none the less evident in view of my microscopical observations. The 
morphological characters and the regularity in the modification of these 
bodies, as detailed early in this paper, preclude any conclusion that they 
are degenerative debris, and suggest very strongly their being peculiar 
micro-organisms. For the same reasons the granular bodies must be 
considered as different from Prowazek's so-called "reaction products'* 
in the infections of various sorts of filtrable virus. The granular 
bodies in question are absolutely peculiar to Tsutsugamushi disease 
and must not be overlooked in the study of its etiology. 

2. The Granular Bodies in the Large Mononuclear Cell : The large 
mononuclear cell, called endothelial in my report in 1916, Kiyono terms 
histiocyte. The occurrence of the granular bodies in this type of cells 
is a common finding in Tsutsugamushi disease. The granules are 
either rod-shaped, spherical or ring-shaped, and these three types may 
be found side by side in a single cell. They are identical in staining 
reactions but differ in size. It is very probable that the three types 
represent stages in a series of modifications undergone by the same 
organism. It seems that the minute rod-shaped body gradually grows, 
assumes a spherical form and then after further growth the ring 
shape. The semilunar, or crescent shape often taken by some much 
enlarged bodies may be considered as due to still further growth. 
Some of the ring-sh^)ed bodies may also be coupled. It is very inter- 
esting to find on close examination that these enlarged bodies contain 
a number of exceedingly minute granules. If the interpretation sug- 
gested proves to be correct, the granular body must be an organism, 
and more specifically a protozoon, which has intracellular stages in 
its life cycle. 

3. Granular Bodies in the Red Cell: In view of the fact that these 
bodies resemble the ordinary basophilic granules in the red cells, the dis- 
tinctive characteristic between them may be pointed out. As first made 
known by M. Askanazy, Grawitz and others, the basophilic granules of 
red cells appearing under certain pathologic conditions, are nothing 
more than ill-defined, minute particles. Contrary to this the "granular 
bodies" found by me are large enough to be measured. Moreover, 
they are very clearly differentiated from the protoplasm of the red 
cells. On destaining the true basic granules become obscure very 
rapidly, while the "granular bodies" stand out clearly by their peculiar 
refractility, sharply defined edges, and finally by the characteristic 
chromatin spots which still retain a reddish purple color. 

In short, the "granular bodies" with their organized structures 
cannot be confused with the true basic granules which have no definite 
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morphological characteristics. I conclude, therefore, that the "gran- 
ular bodies" in the red blood cell are of the same nature as those in 
the lymphoid cells. Since the red cells as well as the lymphoid cells 
contain the "granular bodies'' only in cases of Tsutsugamushi disease, 
these bodies must be considered seriously in connection with the eti- 
ology of the disease. 

4. Free Bodies in Plasma : In the foregoing I have stated that the 
minute ^)odies usually found embedded in the cytoplasm of lymph cells 
may also occur free in the lymph, either solitary or in groups, and 
that these bodies may be rod, spheroid, or ring-shaped. An oocyst- 
like appearance was also assumed by some of them. Swarms of the 
minute "comma" or "rod-bodies" often mixed with longer dumb-bell 
shaped ones, were observed in the plasma in blood smears. Also these 
bodies have been found in addition to bacteria in serum from the 
wound at the site of the bite. 

The free bodies are not abundant in mild cases but in severe cases 
their appearance is conspicuous. The free bodies often appear earlier 
than the intracellular bodies, and may o<!cur in the wound along with 
ordinary bacteria. 

Since the minute bodies in lymphoid cells are peculiar to Tsutsu- 
gamushi disease, the free bodies should also be considered of the same 
significance inasmuch as they have not been found under any other 
conditions. Morpholc^cally, moreover, a minute comparison fails to 
detect any perceptible difference between the intracellular and free 
forms. 

In their staining reactions and morphology alone the bodies which 
I have described often resemble bacteria, especially as the cytoplasm 
and chromatin substance are differentiated with difficulty, but there 
is no other evidence of their bacterial nature. In smears from blood 
and lymph nodes I have found bodies in both red cells and lympho- 
cytes identical in appearance with the ring forms found in the red 
cells in malaria (PI. IX, Fig. la; PI. XI, Figs. 4b, 5b), showing a 
structure never found in bacteria. 

I described these minute granular bodies in my first report on 
the virus of Tsutsugamushi disease and from various findings con- 
cluded that they represent a species of protozoa. It was suggested 
that the organism might be either Piroplasma or some related form. 
In a further paper I classified the organism as Piroplasma, referring 
to Theileria parva of African cattle fever, and tropical pirosomes in 
cattle described by Dschunkowsky ancl Ruhs, as most closely related 
forms. 

In order to indicate the basis of my conclusion, the following facts 
should be emphasized : 
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1. Tsutsugamushi disease is transmitted by certain species of mite; 
the original bearer of virus in the infected region is the field mouse 
on which the mite is parasitic. 

2. Tsutsugamushi disease is characterized clinically by the lesion, 
high fever, and swelling of l)miph nodes. Decrease in the number 
of leukocytes is well marked in the blood picture. There is also a 
gradual decrease in red cells, but it is not conspicuous. 

3. Anatomically the lesion is characteristic, also the swelling of 
lymph glands and splenic enlargement; the blood is less coagulable. 
Internal organs undergo parenchymatous degeneration and often show 
small areas of necrosis and thrombi. 

4. Experimentally it is possible to transmit the infection with 
typical symptoms by inoculation of fresh blood or other tissues, from 
human as well as animal cases experimentally. 

5. No bacteria which can be considered as the cause of the disease 
have been cultivated on media, either from clinical or experimental 
material, nor have any spirochaetes been found. 

6. Under normal conditions the virus is not transmitted directly 
from man to man. It is least resistant to dryness and heat, and 
unfilterable. 

With the above facts on one hand, and on the other the knowledge 
that the rod, spheroid and ring-shaped bodies, occur in all internal 
organs and in the blood and especially because of the early appearance 
of the rod-bodies in lymph cells adjacent to the bite, I have reached 
the conclusion that the virus of the disease is the species of Piro- 
plasma in question. Among various species of Piroplasma, the cause 
of African cattle fever, Thieleria parva, (see Gonder, 1911), seems 
closely allied to the forms found in Tsutsugamushi disease, on account 
of morphological similarity, and of affinities for lymphocytes or endo- 
thelial cells. 

In the case of Theileria parva, however, it is impossible to infect 
normal cattle by subcutaneous injection of diseased blood, while in 
Tsutsugamushi disease such a transmission is easily secured through 
an injection of a very small quantity of infected blood. In this 
respect the tropical pirosomes, described by Dschunkowsky and Ruhs 
(1904) from the Caucasus, shows a closer approach to my organism 
since in the former infection can be transmitted mechanically, as in 
the latter. In addition the tropical pirosome agrees with my granular 
bodies of Tsutsugamushi disease in having an intracellular stage and 
also three different forms, rod, spheroid and ring bodies. 

The tropical pirosome deviates from the organism found in Tsutsu- 
gamushi disease in its typical protozoon staining reaction, and also in 
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that it does not infect man and cannot be transmitted experimentally 
to monkeys. The blood parasite of the mole, Grahamella protista, 
Wolbach's (1914) organism in Rocky Mountain tick fever, and Bar- 
tenia bacilliformis described by Strong and others (1915) in oroya 
fever, are also more or less closely related but are undoubtedly spe- 
cifically distinct. I consider the organism in Tsutsugamushi disease as 
a hitherto undescribed species, and at the suggesti(m of Dr. Henry B. 
Ward designate it as Theileria tsutsugamushi, n. sp. I am inclined 
to believe that further study will justify the inclusion of this species 
in a new genus clearly distinct from that in which it is placed here. 

THE PROBABLE LIFE CYCLE OF THE ORGANISM 

Since it has not been possible to cultivate the organism, the follow- 
ing successive changes in preparations is the only method for studying 
its life cycle. For this purpose, all the varieties of granular bodies 
I have observed were faithfully sketched from preparations (Plate 
XI): 

(a) In Lymphoid Cells: The granular bodies in their smallest 
form (rod-shaped) are at first chiefly localized in one part of the 
cytoplasm (Figs. 2a, 3a, 4a). As they increase in size, they become 
more evenly distributed in the cell body (Figs. 5a, 6a, 7a, 8a) and 
some show dumb-bell, spheroid, or even ring-shapes. Cells containing 
large bodies, (Figs. 9a, 10a, 11a, 12a, 13a) gradually disintegrate, set- 
ting these bodies free (Figs. 14a, 15a, 16a). At the same time, the 
chromatin portion of the larger body becomes granular in structure and 
finally breaks up into minute comma-shaped granules (Fig. 1). 

(b) In Red Cells: The changes are similar. A group of minute 
granular bodies (Figs, lb) gradually breaks up as they grow into 
enlarged rods (Figs. 2b, 3b) which continue to increase in size (Fig. 
4b) until they become ring-shaped and finally dissociate themselves 
into minute granular bodies. 

(c) In the Plasma : Arranging the free granular bodies according 
to sizes one would naturally take the minute granular form (Fig. 1) 
as the starting point, successively followed by the comma or rod form 
(Figs. 2, 3) and by the spheroid (Figs. 4, 5, 6, 7, 10) or ring-shaped, 
malaria-like form (Figs. 4 to 9). They may then assume an amoeboid 
appearance (Figs. 11 to 17) and elaborate minute granules within 
themselves. These may early break up into minute comma-shaped 
bodies (Fig. 1) or may form Koch's free "Plasmakugeln" (Figs. 19 
to 22) and finally dissolve into comma or rod bodies (Fig. 2). 

It is worth noting that in the above interpretation, the stages in 
the life cycle of my organism correspond very closely to those in the 
life cycle of Theileria parva, as worked out by Gonder. 
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From the above data the life cycle of the organism of Tsutsuga- 
mushi disease may be constructed as follows: 

The rod, spheroid or ring-shaped bodies found intracellularly in 
lymphoid and red blood cells, represent an agamic generation. In 
progamic and gametic generations the organism is free in the blood 
plasma, assuming rod or ring shapes (Figs. 2-9), but forms shown 
in figures 4', 5', 6', 7', 10 are agamic. In the gametic generation it 
is transformed into an ameboid body (Figs. 11-17). During the 
metagamic generation the ameboid body comes to assume an oocyst- 
like appearance on account of the development of numerous small 
granules within it (Figs. 16-18). The oocyst oid body then breaks down 
and sets free the granular inclusions, namely the metagametes. The 
metagametes (sporozoits) are the smallest units of the organism. 

Theileria parva is found in the intestine or in the salivary gland 
of the tick during the metagamic generation. In my organism, how- 
ever, this generation is also seen in the blood of the patient. In Tsut- 
sugamushi disease, therefore, the mite may not be the necessary inter- 
mediate host. In this connection the possibility of infection with this 
disease by injection of infected blood is of much interest. 

It is known that piros6mes multiply by fission. Arguing from 
analogy then, it is probable that the organism of Tsutsugamushi dis- 
ease may also, under certain conditions, reproduce in a similar manner. 
As a matter of fact this organism often assumes a dumb-bell shape 
suggesting transverse division. If this crosswise division is really a 
process of reproduction, it should be counted as one of the peculiarities 
of this organism. The possibility undoubtedly exists that the larger 
type of dumb-bell shaped bodies appearing in the gametic generation 
may represent copulation of male and female elements (PI. XI, Figs. 
14, 15, 16, 17), instead of division. It is not possible to come to a 
definite conclusion on this point at present. The organism of Tsutsu- 
gamushi disease diflFers from Gonder's T, parva by its minute comma- 
shaped true sporozoit. 

SUMMARY 

1. Minute bodies, described as "rod," "spheroid'* and "ring-shaped," 
have been found in the lymphocytes of lymph nodes and in mononu- 
clear endothelial phagocytes of the spleen and lymph nodes, and in 
the region of the bite in patients suffering from Tsutsugamushi dis- 
ease. They also occur free in the blood plasma, and in severe cases 
in the red cells. 

2. The disease has been transmitted experimentally to monkeys, 
guinea-pigs, rabbits and calves. Bodies similar in appearance and 
distribution to those found in human cases, have been demonstrated 
in experimentally infected animals. 
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3. These bodies, on account of the difficulty of differentiating their 
cytoplasmic and chromatic elements, resemble bacteria, but no evidence 
of their bacterial nature has been obtained from cultural or animal 
experiments. 

4. Cultural experiments have proved wholly negative. 

5. Microscopically, these bodies are found to possess definite mor- 
phology, with parts comparable to the nucleus and cytoplasm of a cell. 
Moreover, the three principal types in which they appear (rod, spheroid 
and ring shapes), merge into each other. From these facts, it is con- 
cluded that the organism in question is a protozoon. Bodies of differ- 
ent sizes represent different stages in its life cycle. 

6. Biologically, this protozoon is to be considered as a new species, 
resembling but showing differences from Bartonella hacilliformis and 
TheUeria parva. The parasite to which it appears most closely allied 
is TheUeria parva. 

7. The organism found in Tsutsugamushi disease, I have designated 
tentatively as TheUeria tsutsugamushi, spec. nov. 

Here, I wish to express my sincere thanks to Professor A. Fujinami for 
his continued encouragement and help, and to Mr. Kuhara of- Osaka for his 
generous aid in support of our work. A great deal of credit is also due to 
the assistants in my laboratory who have participated in the investigations. 
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Explanation of Figures 

PLATE IX 

Drawn from smear preparations with camera lucida and Zeiss 1/12 apo. 
obj. and comp. oc. 6. Stained by the Giemsa method (Prowazek's trachoma 
granule stain). 

A. Ring-shaped body. B. Spheroid body. C. Rod-shaped body. a. Small 
ring, and coupled rod and spheroid bodies. a\ Small ring-shaped body show- 
ing chromatic spot (resembling malaria ring form), h. Small spheroid body. 
c. Small rod shaped body. 

Fig. 1. — Minute bodies embedded in large mononuclear endothelial cell. 

Fig. 2. — Same in small mononuclear lymphoid cell, showing coupled rod 
and comma-shaped bodies. 

Figs. 3, 4, 5. — Similar to Figure 2. 



(The plates which are included here through the courtesy of the author 
are reprinted from the Japanese originals. There they bore the numbers I, 11, 
and III which to fit the series in The Journal have been changed to IX, X, 
and XL — Editor.) 
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PLATE X 

Drawn from a smear preparation taken from patient's blood (First pub- 
lished in 1906, Hokuetsu Igakkai Zasshi, No. 156). Drawn from smear made 
from patient's blood; magnification and staining as in Plate IX. 

Fig. 6. — A, large, a, small ring-shaped body. B, large, b, small spheroid body. 
C, large, c, small rod-shaped body. 

Fig. 7. — Large and small rod-shaped bodies embedded in red blood cell. 

Figs. 8, 9. — Large rod body, showing three chromatic spots. 

Figs. 10, 11. — Small rod and ring-shaped bodies. 

Figs. 12, 13. — Ring bodies resembling malaria-rings. 

Fig. 14. — Large rod body. 

Figs. 15-17. — Large gametocytes connected together by thin thread. 

Figs. 18-31. — Smear from bite wound. 

Fig. 18. — Rod bodies (a) showing achromatic area around chromatin sub- 
stance. Also another small body with different morphology. 

Figs. 19-21. — Rod bodies showing indistinct chromatin substance. 

Figs. 22, 24, 26.— Same as figure 18a. 

Fig. 24b. — Rod body with two chromatic spots. 

Fig. 23. — Same with three achromatic spots. 

Fig. 25. — Body with very striking achromatic area. 

Figs. 27, 28, 31.— Two coupled gametocytes. 

Figs. 29, 30. — Gametocytes; large spheroid body, same as fig. 6B. 
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PLATE XI 
Diagram of supposed life cycle of Theileria tsutsugamushi. 
Figs. 1-22. — Free intercellular stage. 
Fig. 1. — Sporozoites. 
Fig. 2. — Rod- shaped bodies. 
Fig. 3. — Elongated rod bodies. 
Fig. 4. — Minute spheroid bodies. 

Fig. 5. — Same as figure 3, but with an accessory small chromatic spot. 
Fig. 6. — Enlarged spheroid bodies (macrogametocytes). 
Figs. 7, 8, 9. — Same, like malaria ring body. 
Figs. 4, 5, 6, 7, 10. — Spheroid bodies, resembling diplococci. 
Figs. 11, 12. — Ring bodies assuming amoeboid appearance. 
Fig. 13. — Same, enlarged form. 
Fig. 14. — Large bodies coupled together. 

Figs. 15, 16. — Large rod bodies, resembling trypanosomes. Note the two 
nuclei of different sizes and finely granulated protoplasm. 

Fig. 17. — Large spheroid bodies, showing fine granulation (oocyst formation). 

Fig. 18. — Same, showing chromatic spot with achromatic ring. 

Fig. 19. — Minute granulated body (Koch's free Plasmakugel). 

Figs. 20, 21, 22. — Same, containing large granules. 

Figs, la- 16a. — Intracellular stages passed in lymphoid cells. 

Fig. la. — Spheroid body embedded in mononuclear cell of lymph gland. 

Fig. 2a. — Group of minute comma or rod-shaped bodies in mononuclear cell 
of blood. 

Fig. 3a. — Same, showing grouping in mononuclear cell of lymph gland. 

Figs. 4a-5a. — Same, showing less localized condition of the bodies. 

Figs. 6a-7a. — Same, showing no localization. 

Fig. 8a. — Rod and minute ring bodies in splenic cell. 

Fig. 9a. — Same, in small round cell of lymph gland. 

Fig. 10a.— Same as Plate IX, figure 1. 

Fig. lla-12a. — Rod, spheroid and ring bodies in large mononuclear cell of 
lymph gland. Fig. 12a also shows cell containing remnants of two rod cells. 

Fig. 13a. — Similar to 11a. 

Fig. 14a-15a. — Free large ring-shaped bodies identical with intracellular 
forms. 

Fig. 16a. — Free ring-shaped bodies breaking down into minute granular 
bddies. 

Fig. lb-5b. — Intracellular stage in red blood cells. 

Fig. lb. — Group of minute comma-shaped bodies in red blood cell. 

Fig. 2b. — Satne, comma- or rod-shaped bodies slightly enlarged. 

Fig. 3b. — Same, showing further enlargement of comma- or rod-shaped 
bodies and a few large rod-shaped bodies. 

Fig. 4b. — ^Two large rod-shaped bodies adhering to surface of red cell. 
Fig. 5b. — ^Ring-shaped body, and body showing formation of minute 
granulation. 



Digitized by 



Google 



HAYASHl-EriOLOGY OF TSUTSVGAMCSUl DISEASE 



Plate I 

A Fig. I 



B 

b 
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THE EGG LAYING HABITS OF CALIFORNIAN 
ANOPHELINES * 

William B. Herms and Stanley B. Freeborn 
University of California 

During the months of May, June and July, 1920, the writers were 
stationed at Vina, Tehama County, California, in the central part of 
the Sacramento Valley, where a temporary summer laboratory was 
established for the purpose of investigating a number of problems 
concerning malaria and anophelines, particularly their e^ laying habits, 
with which this paper deals. The information herein published will in 
a measure supplement, confirm and correct previous observations in 
this field. 

The species dealt with were Anopheles occidentcdis D. & K., Anoph- 
eles puncHpennis Say and Anopheles pseudopunctipennis Theobald. 
The synonomy of the first mentioned mosquito. A, occidentalis D. & K., 
is somewhat obscure in that it was separated from A. quadrimaculatus, 
which it closely resembles, by Dyar and Knab in 1906, and its range 
was listed by them as "western United States, from Southern Califor- 
nia to Alaska, eastward thru Canada to Maine." However, Howard, 
Dyar and Knab (1917) in their monograph point out as an additional 
note that Say's type specimen for A, quadrimactdaius has as its locality, 
"Northwest Territory," which discovery makes the four-spotted anoph- 
eline of the Pacific coast. Anopheles quadrimaculatus, submerging 
their name. Anopheles occidentalis, and making the Eastern species 
A. guttulatus Harris. This revised synonomy has not come into gen- 
eral use, however, and with the above explanation offered to avoid 
future confusion we shall use the name quadrimaculatus to refer to 
the Pacific coast species. 

The mosquitoes used in the observations herein described were 
captured in shell vials at a number of stations in the vicinity, such 
as bridges, stables, outhouses and dwellings that were visited regularly 
each day. The captured mosquitoes were transferred to wide mouthed 
pint jars partly filled with water and covered with bobbinet. The 
jars were placed in rows on a glass shelf supported at its comers about 
six inches above the surface of a laboratory table. Thus elevated and 
resting upon the glass shelf an incandescent electric lamp could be 
placed directly beneath the jars for purposes of illumination and greatly 
facilitated observations from above, particularly in counting the eggs. 



* Contribution from the laboratories of Entomology and Parasitology, Col- 
lege of Agriculture, University of California, Berkeley, California. 
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The water used in the jars at all times was taken from a deep 
well and showed a uniform alkalinity of 1840 parts per millicm 
expressed in parts of CaCOg. The fauna and flora of the water was 
not determined but was practically negligible owing to the great depth 
of the bored well. Contamination that ensued later was undoubtedly 
uniform as all jars were concentrated in a small area not over 12 
by 28 inches. 

The temperature of the room in which these observations were 
made was taken on a recording thermcMiieter. The record of thb 
instrument showed at the expiration of the work that the maximum 
and minimum temperatures were 88° F. and 66** F., respectively, and 
that the average of each was 76° F. and 68° F. Here again there 
could have been no variation in the temperatures of the several jars. 

Time of Deposition. — A total of sixty-five layings was recorded 
from May 17 to July 11. On thirty occasions we were able to obtain 
the exact or approximate time of oviposition. Of these, thirteen lay- 
ings were made between nine and eleven in the evening, nine between 
eleven and daybreak, seven between sunset and nine p. m. and four 
during the afternoon. It must be understood, however, that artificial 
conditions may have seriously influenced these findings when it is con- 
sidered that the' light was never as intense in the laboratory as it would 
have been out-of-doors, that wind exercised little influence, and that 
the temperature curve showed a lag of approximately two hours as 
compared with out-of-doors as well as a distinct moderation. 

The factor or factors governing the time of tgg deposition are not 
known, but it would seem that light, temperature, humidity, and wind 
are probably important considerations. It is interesting in this con- 
nection that Anopheles punctipennis repeatedly deposited eggs in the 
full glow of a 40 watt tungsten lamp at a distance of about seven 
inches from the egg laying insect. It is safe to assume, however, that 
in these instances the insects oviposited in spite of the light conditions 
rather than because of them. That diflFuse light or darkness is the 
normal condition during which eggs are deposited, is well illustrated 
by the fact that on June 3 the lights were left on from dusk until 
ten p. m., during which time there had been no ovipositicwi. At that 
time the lights were turned oflF for ten minutes and at 10 : 10 when the 
lights were switched on it was noted that three Anophelines had depos- 
ited eggs, none of them resuming until the light was again extinguished. 
The daylight records of oviposition appearing in our notes are without 
exception for overcast, humid days when the light intensity in the 
house approximated that normally occurring at dusk. The range of 
temperature between different oviposition periods was so great as to 
suggest but slight effect at best unless the stimulus should arise from 
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a change of temperature as from warmer to cooler and vice versa. 
Unfortunately, no humidity records were kept. Further work with 
this factor in consideration seems to offer a prcmiising field. 

Method of Oviposition. — Owing to the reluctance of A. quadri- 
fnacul(ttus to oviposit in the presence of light and the scarcity oi A. 
pseudopunctipenms our observations regarding the actual process of 
deposition are limited to but one species, A. punctipetmis. The only 
reference in the literature concerning this process that we have been 
able to locate is that of Kerschbaumer cited by Nuttall and Shipley 
( 1902) . Nuttall writes : "With the exception of Kerschbaumer ( 1901 ) 
nobody has claimed to have observed the process of oviposition. He 
witnessed the process but once in Anopheles, ... he does not, 
however, describe the process (excepting in so far as he says the insect 
rested directly upon the water)." 

On the evening of June 4 a specimen of Anopheles punctipetmis 
was seen to behave in a rather excited manner, resting for a few 
moments on the surface of the water and then flying to the bobbinet 
or sides of the jar, remaining in each position only a few seconds. 
She finally came to rest for several minutes on the surface and assumed 
a position with the abdomen more or less parallel with the surface 
of the water, the wings held in the normal position with relation to 
each other but elevated at least the width of the body above the 
abdomen, the posterior end of which, comprising the last two segments, 
was tilted upward slightly. All six tarsi rested on the surface of the 
water, the middle pair being lifted above the body from time to time. 

At 9 : 46 p. m. the first egg was deposited. This was accomplished 
by a rather nervous jerk of the abdomen following which an egg was 
seen to be protruding in a vertical position from the abdomen, with its 
convex side directed to the rear. This position was held for four 
seconds when another convulsive downward twitch freed the tgg f rcnn 
the abdomen, and as the latter was returned to its former position, 
another tgg protruded and slipped instantaneously into the vertical 
position as the tip of the abdomen regained its original attitude. This 
procedure was continued for 19 minutes until a total of 174 eggs 
had been deposited. The deposition of the individual eggs took place 
at remarkably regular intervals of from six to seven seconds. During 
the entire operation the female remained motionless except for the 
monotonus jerking of the abdomen. At the conclusion of oviposition 
the mosquito remained without changing position for eight minutes, 
after which she slowly moved off to the side of the jar, scattering the 
eggs with her legs as she went. Numerous statements, based evidently 
on the remarkable patterns assumed by the eggs on the surface, appear 
in the literature regarding the method of placing the ova. Grassi, 
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quoted from Nuttall and Shipley (1901), stated that the eggs of A. 
maculipennis were deposited in pontoons, while, those of A. bifurcatus 
were laid in star shaped patterns. In the above example, however, 
and in many subsequent observations of the same species, the eggs 
were seen merely \o pile up in a heap beneath the insect, toppling over 
as the mass became top heavy and arranging themselves in various 
patterns dependent upon mutual adhesion and surface tension. At 
the time of deposition the eggs are pearly white, becoming progressively 
yellowish, then darker, until at the end of about thirty-five minutes 
the color becomes distinctly leaden, and in about forty-five minutes 
they appear dull black and under the microscope are a rich chitinous 
brown. 

Number of Eggs Deposited. — Grassi, quoted from Nuttall and 
Shipley (1901), states that A. maculipennis, the European represen- 
tative of our quadrwuieulatus-guttulatus group, deposits 100 eggs, while 
Hindle (1914) dealing with the same species places the number at 
from 40 to 100. Howard (1900) referring merely to Anopheles (no 
species given) also gives the range from 40 to 100. Our observations 
point to a considerably larger number per laying. It is impossible at 
the present stage of our investigations to estimate the total number 
of eggs laid during the life of an Anopheline as we have not been 
able to start our series with bred females. Our experimental insects 
were invariably captured specimens concerning whose previous oviposi- 
tion history we, of course, have no record. 

Twenty-nine specimens of A. quadrimacukUus deposited thirty lay- 
ings totalling 6,282 eggs, in lots ranging from 140 to 315 eggs each, 
bringing the average per laying to 209 eggs. Thirty-three females of 
A, punctipennis in thirty-three layings, ranging from 83 to 321 eggs 
each, deposited 6,700 eggs; making the average per laying 203 for 
this species. 

Our records of oviposition in Anopheles pseudopunctipennis are 
extremely limited. We were able to obtain only four females during 
the course of the work. Of these, two oviposited, one a total of 157 
eggs and the other but 55, bringing the average to 106 eggs per female. 

Considering the females of all species under observaticm, 38.4% 
oviposited in captivity. Anopheles occidentalis females showed an 
oviposition percentage of 48.3%, A, punctipennis 31.2% and A. pseudo- 
punctipennis, based on only four specimens, 50%. These figures are 
not, of course, indicative of what the particular species may do in 
natural surroundings as our specimens, as already stated, were cap- 
tured females, unfed in captivity in the majority of cases and whose 
opportunities for feeding before capture were unknown. 
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It is pertinent at this point to make a statement regarding the 
number of batches of eggs deposited. In the course of the work we 
had several cases where the females oviposited on two consecutive 
nights. In such cases the two layings were recorded as one. One 
specimen, A. quadrimaculatus^ no 61, deposited two true batches 
of eggs. In this case the female was captured under a bridge on 
June 9 and during the afternoon of June 12 she deposited 218 eggs. 
On Jime 13 she was given a meal of human blood and on June 19 
deposited 140 eggs, dying on June 20. Both batches of eggs were 
hatched on the morning of June 15 and 21, respectively. On numerous 
occasions, dissections of females that had oviposited and been fed 
showed the ovaries completely filled with well developed eggs. Numer- 
ous observers have stated that Anopheles may deposit several batches 
of eggs with a single fertilization and a blood meal for each comple- 
ment of ^gs. The exact number of batches and the length of time 
over which they are deposited needs further observation. Accurate 
information on this particular point is highly desirable and might change 
present emphasis in control work. 

The hazards of life in captivity probably affected oviposition, many 
d)nng thru accident by getting "spraddled" in the water before they 
were ready to oviposit. Fully fifty per cent, of those dying without 
ovipositing showed the presence of complements of well developed 
eggs upon dissection. The average length of life for unfed A. quadri- 
maculatus in captivity, disregarding their probable length of life before 
capture, was 4.5 days and for the fed specimens 8.5 days. For A. 
punctipentiis, the length of life for unfed specimens under the same 
conditions was 4 days and with food, 6.3 days. 

Morphology of the Eggs, — In comparison with the extensive work 
that has been done on the morphology and classification of the other 
stages of the anopheline life cycle, little has been done with the eggs. 
The ease of classification (at least for the three Calif omian species) 
by means of egg characters recommends this line of study to workers 
in other localities. The characters found to vary in such a manner 
as to make identification simple, are length of the egg, and position 
and length of the float. The consideration of one or more of these 
factors is sufficient to place the egg of local species correctly, but in 
a larger group it would be necessary to utilize other characters, such 
as the "frill" of Stephens and Christophers (1908), a feature omitted 
in most of the illustrations of anopheline eggs, which encircles the fiat 
or upper side of the egg, the formation of the floats, or the reticular 
membrane enclosing the egg. 

These authors classify anopheline eggs into three groups: 1. those 
with the lateral floats not tpuching the margin ; 2. those whose lateral 
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floats overlap the upper side of the egg ; 3. those without floats. Accord- 
ing to this classification A, quadrimaculatus and A, punctipennis fall 
in the second class and A, pseudo punctipennis in the third. 

The egg of A, quadrimaculatus is fusiform, slightly rounded at each 
end, and tapering to the extent that one end is slightly broader than 
the other. The upper surface is flattened with a slight longitudinal 
concavity while the lower surface is broadly convex, the convexity 
becoming more pronounced at the broad end of the egg. The upper 
surface is granular, bordered by a laterally striated frill 16ft in width, 
except at the floats, while the lower surface shows, under proper light, 
a silvery reticulation. Medianly placed are two roughly oval lateral 
floats, each divided in a majority of cases into twelve scalloped com- 
partments. The larger part of the area covered by these floats is on 
the lateral faces of the egg, but they project dorsally over the margins 
which are described as "gunwales" rather aptly by one author who 




Fig. 1. — Illustrating the egg of Anopheles pscudopunctipennis Theobald. At 
the left, lateral view, and at the right, dorsal view. 

likens the egg to a boat. The eggs range in length from 592 to 656fi. 
The floats vary in length from 144 to 224/*. 

The eggs of A. punctipennis resemble those described above with 
these exceptions, the upper flattened surface is distinctly concave lon- 
gitudinally, the floats are decidedly wider, projecting dorsally over the 
margins to the extent that they more nearly meet on the dorsal median 
line than those of A, quadrimaculatus. The floats also include approx- 
imately eighteen scalloped compartments each and extend along the 
sides for slightly more than one-half the entire length of the egg, 
while in A. quadrimaculatus the floats extend for only one-third the 
length. The range in length of the eggs of A. punctipennis extends 
from 544 to S76/i while the float length remains fairly constant at 32(Vt. 

In Anopheles pseudapunctipennis is found a peculiar specialization 
represented in the general characters of the egg of A. turkhudi Liston, 
which is placed by Stephens and Christophers (1908) in class three 
of their table as lacking floats, altho vestiges are present. The eggs 
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are shorter than either of the two already mentioned, ranging from 
512 to 528fi. The w^ptT surface is nearly flat, showing little concavity 
longitudinally altho the lower surface shows a marked convexity. 
Both ends of the egg are rounded, one being considerably broader 
than the other. The floats are represented by a fusiform closely 
appressed area, approximately 270ft long, lying on the dorsal side of the 
egg and nearer the blunt end. This area is divided medianly by a line 
which is assumed by the authors to be the line of contact of the two 
floats that have been forced up from the sides. Lateral lines mark off 
each longitudinal half of the area into twelve sections representing the 
twelve original compartments of lateral floats. This area is so appressed 
that its position is not distinguishable from a lateral view. 

Near the narrow end of the egg the membranous covering flares 
out from the body of the egg to form a translucent, striated collar 
which completely enciri:les the end, with the exception of a triangular 
incision down the dorsal median line in a manner which reminds one 
of an "oversized dress collar" (Fig. 1). The egg hangs at an angle 
in the water, supported by surface tension on this "collar." The 
larvae, however, unlike those of Anopheles turkhudi, whose eggs those 
of pseudopunctipennis resemble, retain the horizontal position at the 
surface of the water. 

Selection of Breeding Places.— -Much has been written regarding 
the type of breeding places frequented by various species of Anoph- 
elines and experienced observers in this field are able to forecast with 
a high degree of accuracy the species that they will find breeding in- 
a given situation. This intuition is almost impossible to analyze and 
attempts to work out the ecology have yielded as yet only partial 
explanations. Disregarding the causes that make particular pools 
acceptable or unfavorable for the life of the larvae, there remains a 
fundamental question on which the whole study depends. This is, 
the determination of whether the selection of the particular pools is 
due to selective oviposition on the part of the female or the inhibiting 
effects, chemical or biological, upon the larvae present in some pools 
which are unfavorable to the species under consideration. 

In the course of our work we found pools from which there 
constantly emerged, in the one case A. quadrimaculatus and in the 
other A, punctipennis with no mixture of the species. These pools 
were therefore classified as quadrimaculatus pools or punctipennis 
pools. Eggs of each species were "planted" in the pools hitherto 
inhabited only by the larvae of the other species and their development 
observed. In order to accomplish this under the most natural condi- 
tions, "lug" boxes with bobbinet coverings substituted for bottoms 
were inverted in the pools, supported a little from the bottom by stakes 
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and reaching an equal distance above the surface to prevent overflow. 
By supporting them a little from the bottom it was hoped that the 
natural enemies might successfully enter and that the enclosed water 
would partake of all the conditions prevalent in the pool and still not 
allow the escape in any appreciable numbers of the surface feeding- 
larvae. Through an opening in the bobbinet covering, the eggs were 
gently washed on the surface of the water in the box. Unfortunately 
our boxes were of necessity located in pools subject to the rise of a 
creek, an occurrence that happened several times in the night owing 
to thunder storms in the mountains and the unexpected flow of unused 
irrigation water. Due to this contingency all of our boxes with the 



Fig. 2. — Showing manner in which lug boxes were placed in a typical A. 
punctipennis pool to determine suitability of this pool to other species of 
anophelines. 

exception of one set were found on one or more mornings to be awash^ 
rendering their results problematical. One set, however, was con- 
ducted under optimum conditions. A pool, six by twenty-five feet 
in area known in our experiments as a ptmcHpennis pool, was formed 
by the receding creek mentioned above and fed by seepage and a 
trickling connection with the main stream. It was shaded, cool and 
thickly overhung with surrounding brush, mainly grape, cottonwood 
and sycamore. The bottom was made up of water-rounded stones 
ranging in size from pebbles to small boulders and its prominent v^^ 
etable growth was a member of the Crenothrix group. The water 
was unusually clear and had an alkalinity of 840 parts of CaCO, per 
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million. It showed evidence of being permanent, in part at least, 
throu^out the summer. Two boxes were installed as mentioned 
above (Fig. 2) enclosing a section in which larvae had been observed 
and removed. On June 28, 474 eggs of A. quadrimaculatus were 
placed in one box and on July 1, 635 eggs of A. puncHpennis were 
placed in the other. These eggs were observed to hatch in the normal 
period in both boxes and daily observations proved their gradual devel- 
opment, pupation beginning on the thirteenth day after ^g deposition. 
No accurate count of the numbers emerging was possible under the 
existing conditions, but from general observation, no retardation in 
development or diminution in the expected numbers of A. quadri- 
maculatus, altho breeding in an A, puncHpennis pool, could be noted. 
The results of this experiment left to our minds only two alternatives 
in the question of selective breeding places — either the puncHpennis 
larvae are cannibalistic on the quadrimaculatus larvae when the former 
are in optimum surroundings, and the process is reversed when opti- 
mum conditions are furnished to quadrimaculatus larvae, or what is 
far more likely — the female exercises selection in depositing her eggs. 
Several experiments were inaugurated to settle this first alternative 
by mixing the eggs in one box but the floods mentioned above rendered 
our results untrustworthy. 

Incubation Period. — In the regular routine of laboratory work, 
the jars were examined every morning at about nine o'clock, the eggs 
that were found for the first time being entered as deposited for that 
day and those found to be hatched were entered at the same time. 
By observing this routine the average incubation period was very 
nearly approximated. For A, quadrimaculatus the average incubation 
period was 2.5 days with a range from 2 to 4 days. The eggs of A, 
puncHpennis averaged 3.2 days with a range from 2 to 6 days. Tem- 
perature is quoted by many authors as distinctly influencing the length 
of the incubation period. With many of our sets, however, laid on 
the same day and subjected to the same conditions a considerable 
amount of variation was recorded. It seems highly probable that tem- 
perature should exercise a decided effect on incubation particularly 
at the extremes but within a certain range such as our eggs were sub- 
jected to, i. e., 68° to 76"* F., little effect could be noted. 

Desiccation Experiments. — Mitchell (1907) states that Dr. Dupree 
"has had the eggs of Anopheles develop after as many as ten hours 
out of water, this, however, being exceptional." Stephens and Chris- 
tophers (1908) state anopheline eggs removed from water, placed on 
paper and allowed td dry for more than two, or, at the most three 
days, will not hatch if they are kept at a temperature of 86** to 96° F. 
In an attempt to check these findings for the Califomian species, eggs 
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of A. quadrifMculaius and A. puncHpennis were removed from the 
water six hours after they had been deposited by allowing them to 
adhere to the surface of a strip of filter paper dipped among them, 
leaving a number of eggs in the jar as a check. The filter paper was 
then suspended by pins inside a capsule box and allowed to dry out 
at room temperature. Dr3ring was accomplished in a remarkably short 
time for at the end of four hours the paper was entirely dry and 
the eggs rattled oflF its surface at the least movement. At intervals 
of twenty-four hours a supply of dried eggs were taken frcmi the 
filter paper and placed in shell vials of tap water. We were never 
able to obtain a hatch from eggs of A. punctipennis that had been 
removed from water for twenty-four hours. However, with A. quad- 
rimaculatus eggs removed from the water on June 14, dried and 
replaced on the fifteenth, sixteenth and seventeenth, having been sub- 
jected to drying for 24, 48 and 72 hours, respectively, there were 
produced excellent hatches on the seventeenth, eighteenth and nine- 
teenth, showing not only that the eggs of this species can withstand 
drying for these periods, but also the rather interesting fact that egg 
development ceases as soon as they are removed from the water. Eggs 
from this lot placed in water on the eighteenth (96 hours of drying) 
and for several succeeding days failed to hatch. The maximum and 
minipium temperatures to which the eggs were subjected during this 
period were respectively 74° F. and 65 ^^ F. Another attempt to dupli- 
cate this set of experiments with the same species and technique when 
the temperature ranged between 70** F. and 80° F. resulted in the 
failure of the eggs to hatch after 48 hours of dr)ring. 

The authors present this paper not as a cwnplete treatise on egg 
deposition of Anophelines but as observations that may add to the 
general fund of information concerning these insects whose activities 
are of such vital interest and importance to mankind in all parts of the 
world. The authors wish to acknowledge the helpful co-operation 
and limitless Enthusiasm in this work on the part of their two student 
assistants, Mr. Qifford T. Dodds and Mr. John F. Lamiman of the 
University of California. 

SUMMARY 

1. The process of egg deposition in Anopheles punctipennis is 
described. 

2. The number of eggs deposited per laying is found to be greater 
than hitherto recorded, A. quadrimaculc^tis averaging 209 eggs and A. 
punctipennis 203 per laying. 

3. Descriptions are given of the eggs of the Califomian anophelines 
whereby they may be differentiated, including a description of the 
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egg of A, psetidopimctipewnis, which represents a marked departure 
from the usual anopheline type. 

4. Observations are introduced to indicate that specific breeding 
places are due to selective oviposition. 

5. The incubation period of the eggs of A. quadrimaculatus is 2.5 
days, and A, punctipennis 3.2 days, and A, pseudapunctipennis, 3 days. 

6. It was found that the eggs of A, quadrvmacuiatus could with- 
stand drying for 72 hours but that those of A, punctipennis failed to 
hatch after 24 hours of drying. 
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ON THE MIGRATORY COURSE OF TRICHOSOMOIDES 

CRASSICAUDA (BELLINGHAM) IN THE BODY 

OF THE FINAL HOST* 

Sadamu Yokogawa 
Department of Pathology, Medical College of Formosa 

Trichasomoides crassicauda, a nematode belonging to the family 
Trichinellidae, was found in the bladder of wild rats in 1845 by Belling- 
ham. Hall ( 1916) has simimed up the previous work on this species. 
This nematode is remarkable on account of the great difference in 
size between the males and females. The male is commonly found 
parasitic in the vagina or uterus of the female, having a length of 
1.46 to 2.5 mm. and a width of 23 to 33/i. The female is 10.5 to 13 
mm. long and attains a maximum width in the posterior region of 
the body of about 0.2 mm. Nothing is known of the method of infec- 
tion of this parasite or its migratory course to the bladder of the rat. 
Von Linstow (1874) suggested that the embryos might bore into 
the wall of the digestive tract and make their way to the pelvis of 
the kidney by way of the renal artery. He described also that sexually 
immature individuals, the males but little smaller than the females, 
were found in the pelvis of the kidney and that copulation took place 
in the ureters. Later the females became larger and the males entered 
their vaginae. Hall (1916: 16) found that the embryos escaped from 
their shells in the vagina of the female after the worm had been in 
normal salt solution a short time. He suggested from this observation 
and from the fact that such embryos seemed to live only a short time 
that infection must take place in a rather short period as a rule, or 
else the embryos would perish. He also described that the embryos 
which had just escaped from the egg, had a body of almost uniform 
thickness, terminating in bluntly rounded ends, while von Linstow 
stated that they were provided anteriorly with a single lancet-like 
process. 

I found some specimens of Trichqsomoides crassicauda in wild rats 
Epimys norvegicus, collected near Baltimore during the winter of 1919- 
20. The parasites were usually found attached to the wall of the 
bladder with their anterior ends somewhat embedded in the mucous 
membrane. They cause a rather high degree of catarrhal cystitis 
according to the number of the parasites present. The mucous mem- 
brane of the bladder was found congested and swollen and the urine 
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more or less muddy. The number of the parasites in th^ bladder of 
a single rat is commonly small, although sometimes ten or more speci- 
mens were found in a single host. 

In order to discover the method by which the rat is infested with 
Trichosomaides crassicauda I fed two white rats on January 20, 1920, 
with the eggs which contained the fully developed embryos. One of 
these rats became infected and the parasites developed to maturity. 
The eggs from the urine of this rat were used in later experiments. 
After the success of this experiment I undertook to investigate the 
migratory course of the larvae in reaching the bladder of the rat by 
feeding white rats with large numbers of the eggs of this parasite, and 
examining the various organs a short time after feeding. Three rats 
were used at different times but from only one of them were the 
larvae recovered. The results of this study are incomplete and a much 
larger series of experiments will be needed to clear up the details of 
the problem. However, some very definite information was obtained 
in regard to the migratory course of this parasite in the body of the 
final host. Since it will be impossible for me to continue these experi- 
ments I am writing up my results in hopes that some one else may 
use them in carrying on further work on this interesting problem. 

Since the methods used with the three experimental rats were the 
same, I will describe here only the details of the work with the one 
rat which gave positive results. 

On May 15 and 16, I fed one half grown white rat with many 
eggs of Trichosomoides crassicauda collected from the urine of the 
white rat experimentally infected with the parasite and of two wild 
rats which were infested naturally. The next day I fed it 15 adult 
worms containing many eggs in their uteri and also many eggs collected 
from the urine of the three rats mentioned above. On the following 
day also it was fed with many eggs collected from the urine of these 
rats. I killed this rat on May 19, one to four days after the various 
feedings. 

The following technic was used in the recovery of the larvae from 
the body of the rat. First I opened carefully the abdominal cavity, 
avoiding bleeding, and washed it out several times with normal saline 
for the purpose of collecting any larvae contained in it. The liver 
and other internal organs were found to be a little congested without 
showing any bleeding points. Then I opened the pleural cavity in 
the same way and washed it out with normal saline. Both lungs were 
found to be a little congested showing some bleeding points on their 
surfaces. I examined one third of the liver, both kidneys, the spleen, 
and the left lung according to the following method. These internal 
organs were crushed into fine pieces and washed with normal saline 



Digitized by 



Google 



82 THE JOURNAL OF PARASITOLOGY 

two to four times, and filtered through a fine wire net. The filtrate 
from the different organs and wash water of abdominal and {Neural 
cavities were kept cafrefully separate and were centrifuged to collect 
the larvae. 

The following results were obtained from these examinations. Four 
larvae were found in the abdominal cavity, two in the pleural 
cavity, and three in the left lung. One third of the liver, both 
kidneys and the spleen were examined without finding any larvae, 
while the right lung and two thirds of the liver were preserved for 
later microscopical examinations. I also examined the ureters, bladder 
and heart, without finding any larvae. Comparing the structure of 
the young larvae found in the body cavity and in the lungs with 
larvae just escaped from the eggs, I learned the following facts. The 
larvae just from the eggs have a very small body of almost uniform 
thickness, terminating in bluntly rounded ends. They measure about 
0.21 to 0.25 mm. in length and 8 to 10^ in thickness. It was impossible 
to make out any details of internal structure at this stage. The larvae 
found in the abdominal cavity of the experimental rat measured 0.82 
to 0.84 mm. in length and 34 to 35/i in width. The anterior part of 
the body was a little thicker than the posterior end and ended bluntly. 
The digestive tract was not very clearly defined. The posterior end 
of the body was blunt with a diameter of about 0.02 mm. and had a 
small depression. The esophagus consisted of about twenty irregularly 
shaped cells. No esophageal cells were present for about 0.02 to 0.025 
mm. at the anterior end. The esophagus was relatively long, meas- 
uring about 0.28 mm. The intestine ran straight along the middle 
body toward the posterior end and consisted of cells containing fine 
granules. The larvae found in the pleural cavity and two of the 
larvae found in the lungs were larger than those from the abdominal 
cavity. They were about 2.34 mm. long and 0.1 mm. thick. The 
anterior end was rounded and 0.03 mm. in diameter. The width 
increased toward the middle of the body with a maximum of 0.1 to 
0.11 mm. and then decreased posteriad. The esophagus consisted of 
about twenty cells and measured about 0.54 mm. in length. No cells 
were present for a short distance at the anterior end. One larva 
found in the lung was smaller than the others found in the same loca- 
tion, having a similar size and structure to the larvae found in the 
abdcMninal cavity. It is very probable that the larger larvae are 
females and the smaller ones males. 

From these experiments I learned the following facts (1) Infec- 
tion with Trichosomoides crassicauda can be induced in the white rat 
by feeding the eggs of the parasite. (2) The adult worms found in 
the bladder of experimental animals are very few compared with the 
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number of eggs swallowed. (3) The eggs swallowed by the final host 
hatch in the digestive tract and penetrate through its wall into the 
abdominal cavity. From here they travel into the pleural cavity prob- 
ably through the diaphragm and penetrate into the lungs from their 
surfaces. 

The passage of the larvae of Trichosamoides crassicauda into the 
lungs of the experimental rat is very interesting in relation to the recent 
work on the life history of Ascaris lu$9ibricoides which proves that 
after hatching in the intestine of the final host the larval stages of 
this parasite must make their way to the lungs before they can com- 
plete their development. Yoshidi (1918) and Ransom and Foster 
(1920: 30) conclude that this phenomenon is of common occurrence in 
the life cycles of parasitic nematodes. Besides the hookworms, Strongy- 
loides, Ascaris lumbricoides, Ascaris suum and Belascaris marginata, 
they note also that Haemonchus contortus from the sheep and Ascaris 
anoura from the python probably have a lung phase in their life 
cycles. Recently Neshi (1918) reports the finding of four larvae of 
Trichuris depressiuscula in the lungs of a dog twenty-one hours after 
experimental infection. 

This observation and my finding the larvae of Trichosamoides crassi- 
cauda in the lungs of the experimental rat after- feeding with the 
eggs add the family Trichinellidae to those in which this phenomenon 
occurs, and strengthens Ransom and Foster's h3rpothesis that parasitism 
of the lungs by nematodes is a more primitive condition than parasit- 
ism of the alimentary canal. 

On the method of migration of the larvae of this nematode from 
the lungs to the bladder of the host there is little definite information. 
Von Linstow's (1874) finding young worms in the kidneys and ureters 
suggests that they make their way to the kidneys and then pass down 
the ureters to the bladder. How they make their way from the lungs 
to the kidney is still an unsolved question. Taking for granted that 
the migration to the lungs is a necessary phase of the life history of 
this parasite, there are three possible ways in which it might migrate 
from the lungs to the kidneys. (1) The larvae might make their way 
into the small branches of the pulmonary veins, be carried to the heart 
and then pass to the kidney along the aorta and renal arteries. (2) 
The larvae in the lungs might break into the air cells and, like the 
hookworm larvae, travel up the trachea and down the esophagus into 
the intestine. From here it would be necessary for them to make 
their way to the kidneys by way of the body cavity. (3) Finally 
the larvae in the lungs might make their way back into the pleural 
cavity, through the diaphragm and body cavity to the kidney. The 
course by the blood stream would seem to be very difficult if not 
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impossible on account of the large size of the larvae and the fact 
that the renal artery is a small vessel which branches at right angles 
from the dorsal aorta. It is possible of course that the smaller type 
found might follow this course. It seems to me that the second course 
is the most probable, but the solution of this interesting problem must 
await future investigations. At any rate the passage to the kidney 
requires a prolonged and difficult migration. This may account for 
the difficulty of producing the infestation and why the number of 
worms found in the bladders of the wild rats is usually so few. 

SUMMARY 

1. The infestation of rats with the bladder nematode, Trichoso- 
moides crassicauda, was accomplished by feeding the eggs. 

2. The finding of larvae of this species in the body cavity, pleural 
cavity and lungs of an experimental rat fed with large numbers of 
eggs, suggests that in the life cycle of this species the liarvae must 
pass to the lungs before they can establish themselves in their normal 
habitat. 

3. This observation and other recent studies strengthen the view 
that migration to the lungs is a common phenomenon in the life cycle 
of nematodes. 

4. How larvae reach the bladder from the lungs was not deter- 
mined but they probably are not carried in the blood vessels. 

I wish to express here my thanks to Dr. W. W. Cort, under whose direction 
this work was carried on, for his help in the course of this investigation and 
for revising the manuscript. 
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NOTES ON NOSEMA APIS ZANDER* 
R. Kudo 

Aside from Nosenta bombycis Nageli, no other Microsporidian has 
received so much attention of investigators as Nosema apis Zander. 
A disease of adult honey bees for which the Microsporidian is respon- 
sible, and which is known by different names such as Nosema-Seuche, 
Isle of Wight disease, Nosema disease, etc., has been reported to occur 
in various parts of the world. In North America, White (1914) found 
40 infected bees in 120 samples received from 27 states of the union, 
and two diseased samples received from Canada. The same author 
further published (White, 1919) valuable results of experiments on 
the means by which the spores may be killed. 

The morphology and development of the Microsporidian have, how- 
ever, been studied by but three investigators, i. e., Zander (1911) and 
Fantham and Porter (1912).. According to these authors, the spores 
of Nosema apis are on the whole similarly constructed to those of 
Nosenta bombycis studied by Stempell (1909). Recently, I had an 
opportunity of studying the Microsporidian, and have obtained more or 
less different results by observations upon the structure of the spore 
from those of the above mentioned European investigators. I shall 
briefly describe the results in the following pages. 

In a field at. Spring Valley, New York, 660 workers of Apis mil- 
lifica were collected from August 27 to September 5, 1920. Although 
I could not trace the hive for these captured bees, there were a 
number of hives in the nearby woods where the collection was made. 
The digestive tract of each bee was drawn out from the body by 
means of a pair of forceps and a needle. A part of the ventriculus 
was smeared on a slide and examined microscopically in the fresh 
state. 

Out of 660 bees thus examined, 25 were found to be infected by 
Nosema apis. After encountering one or two heavily infected bees, 
it was not difficult to diagnose a heavily infected host insect by its inac- 
tivity and peculiarly softened abdomen. When a part of a heavily 
infected ventriculus was placed on a slide, the milky white appear- 
ance gave a definite sign of the nature of the infection before a micro- 
scopical examination was made. Four bees contained spores similar 
to those of Nosema apis, differing, however, in larger dimensions and 
a large. clear rounded space at one extremity. The presence of a 



♦Contribution from the Zoological Laboratory of the University of Illinois, 
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space which is generally called a vacuole, in the mature spores, recog- 
nizable in fresh state, has commonly been noted in many species of 
Microsporidia. Frequently the spores of Nosema apis show also a . 
clear rounded area near at one end, which, however, does not occur 
so regularly as in the spores from the above mentioned four bees. 
Whether this form should be distinguished from Nosema apis by a 
different specific name or not will have to be determined by a com- 
parative study on the various stages of their development. 

The dimensions of spores of Nosema apis differ somewhat widely 
according to different authors. According to Zander (1911), the 
spore meausres 5fi in length and 2.86/i in oreadth, and the polar fila- 
ment seemed to be shorter than that of Nosema bombycis measured 
by Stempell (1909). Fantham and Porter (1912) recorded the length 
and breadth 4 to 6/i (up to 7/i) and 2 to 4/i, respectively, and stated 
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Spores of Nosema apis. Figs. 1-8. Fresh spores of various form and size. 
X 2350. Fig. 9. A spore stained with Heidenhain's iron hematoxyh'n. X 2350. 
Fig. 10. A spore stained with Giemsa's solution. X2350. Fig. 11. A spore 
with an extruded polar filament, stained after Fontana (the polar filament is 
diagrammatically shown without changing its approximate length). X 1200. 
Fig. 12. A more highly magnified view of the spore shown in fig. 11. X2350. 

that the polar filament was "about 60/t" long. White's measurements 
(1919) are as follows: fresh spores in India ink smears, 4.46/t long 
by 2.44/i broad ; stained spores, 4,15 fi long by 2.06/t broad. 

According to my observations, fresh mature spores vary from 46 
to 6.4/1 in length, and from 2.5 to 3.4/i in breadth and thickness. The 
dimensions were obtained by measuring 250 spores. As mature spores 
(Figs. 1-8) differ to a more or less great degree in form and size, 
care has been taken in choosing the spores. I have measured ten 
spores from a smear of each infected individual, one spore taken at 
random near the center in every other field. 

In the fresh condition, a spore does not show any differentiation 
in its contents. It is slightly less refractive than that of Nosema 
bombycis. The polar filament is invisible in fresh state, as in the 
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majority of microsporidian spores, except such a form as Thelohania 
magna (Kudo, 1920). The presence) of a polar filament in the spore, 
therefore, could only be proved by causing its extrusion. Zander 
(1911) made no effort, and mentioned simply that it seemed to be 
shorter than that of Nosema honibycis as studied by Stempell. Fan- 
tham and Porter (1912) stated that it measured about 60/i in some 
spores they had examined. 

The polar filament of Nosema apis can easily be extruded and 
observed, although some authors are inclined to think it is "very diffi- 
cult of observation under any circumstances" (Fantham and Porter, 
1912:174). Either mechanical pressure (Kudo, 1913) or perhydrol 
(Kudo, 1918) causes extrusion of the filament in fresh spores. For 
quick observation a dark field microscope is indispensable (Kudo, 
1918). But for permanent preparation, Fontana's staining (Kudo 
1920) gives best results according to my more recent observations. 

As to the method of application of mechanical pressure upon the 
spores, I stated briefly (Kudo, 1913) that they were pressed by 
fingers between a cover glass and a slide. Since I have often been 
asked as to the exact technique, I shall briefly describe the method 
here. A very small drop of water emulsion of fresh microsporidian 
spores is placed on a slide by means of a fine capillary pipette and is 
covered with a cover glass. It is desirable to have the outer margin 
of the cover glass unoccupied by the emulsion. Place the slide on 
a smooth and steady surface, and cover the cover glass with a piece 
of cloth or filter paper, over which the elbow is gently applied. Give 
a strong downward push to the arm. This will instantly cause the 
extrusion of polar filaments. The slide now can be brought on the 
stage of a dark field microscope and examined. To make the prepara- 
tion permanent the cover glass must be lifted up carefully. After 
being fixed with fixative such as sublimate alcohol, the smear is stained 
after Fontana. 

The completely extruded polar filament of spores of Nosema apis 
measures from 230 to 280ft in length. The remarkable difference in 
the length of polar filaments compared with that obtained by Fantham 
and Porter, is due solely, I believe, to the difference in the technique 
applied. In the case of Nosema bontbycis, I have already shown 
(Kudo, 1913, 1916) how different methods bring out entirely different 
results regarding this delicate structure characteristic of Microsporidia. 
Iodine water has been used by several investigators, including the above 
mentioned English authors, in causing the filament extrusion of micro- 
sporidian spores. Yet evidences obtained by comparative studies of 
various methods have shown me that the iodine water in this case is 
not likely to cause the extrusion, but simply stains the already extruded 
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polar filaments, most probably due to the pressure of the cover glass, 
to a more or less recognizable extent, showing, therefore, only incom- 
pletely extruded polar filaments in very small numbers. 

When examined under a dark field microscope (Fig. 13), the 
extruded filament of Nosema apis shows a uniform thickness through- 
out, as those of other Microsporidia which I have studied up to the 
present. Its form is, however, very striking in some cases. Leaving 
the spore at one end, it shows about from 10 to 15 undulating courses 
of a large wave length. This part is followed by another about 10 
to 15 turns of uniformly small wave length. Somewhat similar con- 
ditions were frequently noticed in the polar filament of Nosema bom- 
bycis, extruded under the influence of perhydrol (Kudo, 1918, Fig. 5), 
but it was not so conspicuous as in the present Microsporidian. As 
far as I am aware, this peculiar condition has never been reported to 
occur. This wavy form becomes straightened out gradually and loses 
its former appearance, although the distal portion often remains in 



Fig. 13. A spore of Nosema apis with the extruded polar filament viewed 
under a dark field microscope. X1200. 

more wavy condition than the basal. Some polar filaments are, how- 
ever, as straight as a stretched thread. The difference in the form 
of the extruded filament is due, in my opinion, to the diflference in 
pressure received. It seems probable that when the spore receives a 
sudden violent pressure, the polar filament escapes from the spore 
without unwinding its coiled form, and that when the spore receives 
a gradually increasing pressure, the extrusion of the filament takes 
place slowly in a more or less straightened form. When the cover 
glass is removed from the slide, the agitation of the emulsion in which 
the spore is floating, apparently tends to straighten the filament, so 
that after Fontana's staining straight forms tangled in various ways 
are mostly to be found. Fontana's method stains not only the extruded 
polar filament, but also its unextruded portion. In this regard, the 
method has superiority over Loffler's (Kudo, 1913). Thus in the 
spore shown in Figs. 11 and 12, the unextruded part of the filament 
is clearly distinguishable, suggesting the extrusion in this particular 
spore was incomplete. 
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When the spores are fixed and stained, the contents appear more 
or less differentiated. In spores stained with Giemsa's solution, a 
small rounded sporoplasm taking a typical blue color with its deeply 
red nucleus, is seen near one end, while between this and the other 
end of the spore, the polar capsule with its polar filament is observ- 
able (Fig. 10). In spores stained with Heidenhain's iron hema- 
toxylin, similar differentiation appears, although the polar capsule with 
its filament frequently stains as deeply as the nucleus of the sporo- 
plasm (Fig. 9). The polar filament does not start to coil close to the 
end of the spore, to which it is attached. The basal portion is rather 
straight and begins to coil some distance back (Figs. 9 and 14). Zan- 
der (1911) observed this portion, but misinterpreted the relative posi- 
tion of the polar filament and the sporoplasm. Thus the structure of 




Fig. 14. A schematic representation of the longitudinal section through a 
mature spore of Nosema apis. Except for the basal portion the doubly coiled 
polar filament appears only in cross sections. X 10,000. 

the spore of Nosema apis is similar to that of Thelohania magna 
(Kudo, 1920). 

The fact that the polar filament of the spore of Nosema apis when 
extruded shows under certain circumstances two regions, one with a 
regularly large wave length, and the other with a uniformly small 
wave length, each having 10 to 15 turns, leads me to assume that 
the mode of coiling of the filament inside of the spore is a particular 
one. The only interpretation that can be advanced in this connection 
is that the polar filament of the spore of Nosema apis is coiled from 
10 to 15 times along the polar capsule, inside of which and continuous 
to it, it is coiled back again toward the tip where the filament is 
attached. To illustrate the structure, a schematic longitudinal section 
of a spore is shown in fieure 14. 
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SUMMARY 

1. Among honey bees collected at Spring Valley, New York, from 
August 27 to September 5, 1920, 3.8 per cent, were found to be infected 
by Noseina apis, 

2. Four bees harbored an undetermined Microsporidian. 

3. Fresh spores of Nosema apis measure from 4.6 to 6.4/i long, 
and from 2.5 to 3.4/1 broad and thick. 

4. A method of applying mechanical pressure to cause the filament 
extrusion of microsporidian spores, is described. 

5. The polar filament of the spore of Nosema apis is 230 to 280/* 
in length. The structure of the spore is similar to that of Thelohania 
magna. 

6. Extruded polar filaments show two parts, one with larger and 
the other with smaller undulations, each composed of 10 to 15 turns, 
indicating that the filament is doubly coiled. 
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ACANTHOCEPHALA PARASITIC IN THE DOG* 
H. J. Van Cleave 

There are few published records of the occurrence of Acantho- 
cephala in dogs. The available accounts show considerable uncertainty 
regarding the identification of the species encountered. It seems prob- 
able that the infestation of dogs in southern Europe by Moniliformis 
moniliformis is accidental and as Porta (1914:484) has shown the 
case reported from Calcutta is probably that of a misidentified nema- 
tode. But one species has been recorded from dogs in North America. 
This species seems to have greater significance as a dog parasite than 
those reported elsewhere in that it seems to be a normal parasite of 
the dog since the worms reach full sexual development in this host. 

In 1909 B. F. Kaupp described Echinorhynchus canis from speci- 
mens collected by J. W. Parker from a dog at San Antonio, Texas. 
Hall and Wigdor (1918) have recently called attention to the lack 
of subsequent references to Acanthocephala from dogs of this conti- 
nent and have placed upon record one additional instance of an infesta- 
tion by a single specimen of this species. Attempting to follow the 
recently proposed classification of Travassos the last mentioned authors 
have ascribed E. canis to the genus Oncicola though the explanations 
accompanying all of their text figures cite it as Gigantorhynchus canis. 
In their text mention is made of the difficulties encountered in attempt- 
ing to determine the genus to which their single immature female 
specimen belongs. 

J. W. Parker, the collector of the specimens upon which the original 
description of Oncicola canis (Kaupp) was based, published a note 
containing fairly significant additions to the biology of this species 
in the same volume of the journal which contained ICaupp's descrip- 
tion. According to his account about three hundred specimens of this 
species were obtained from the single host individual which died of 
symptoms strongly indicative of rabies (Parker 1909:703). Upon 
post mortem "numerous ulcerations, as from abrasions three or four 
days old, were found on the buccal and gingival membranes and 
tongue;" and "about three hundred small worms {Echinorhynchus 
canis) were found in the jejunum and ileum, chiefly in the ileum, most 
of them attached, in some cases the head penetrating mucous and mus- 
cular coats to the peritoneum." In speaking of the possible normal 
host of this parasite Parker continues, " 'Mad' coyotes are frequently 



* Contributions from the Zoological Laboratory of the University of Illinois, 
No. 168. 
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reported in the vicinity, much more frequently than rabies is reported 
among domestic animals. I, therefore, think it probable that Echino- 
rhynchus cants is normally a parasite of the coyote." 

The writer has encountered an instance of the occurrence of Onci- 
cola cams from an unusual locality. A single specimen of this species 
contained in the collection of Professor Henry B. Ward was taken 
from a dog at Lincoln, Neb., by Dr. A. D. Brewer in 1897. Ref- 
erence is made to this individual by Ward (1897: 174) as Echinorhyn- 
chus spf, no attempt having been made at that time to determine the 
species. The present writer has examined the specimen, which has 
full bodily development though it is not gravid. The presence of the 
single female worm in the intestine of the host precluded the possi- 
bility of fertilization and embryo formation. There is no indication 
that Oncicola has become permanently established in the vicinity of 
Lincoln, for of the twenty dogs thoroughly examined in securing data 
for the tables published by Ward only the single instance was encoun- 
tered, though "among the animals which were examined were repre- 
sentatives of various conditions of life under which these forms are 
found, both the half wild strays of the city streets and alleys and 
the pet animals of the home." 

It is impossible to determine with certainty the source of this 
unusual infestation. However, since the armadillo carries the larvae 
of O. canis it seems probable that either the dog must at some time 
have been in the South where the larvae occur or it might have been 
allowed to feed upon offal from armadillos brought from the South 
as specimens. There is little danger that Oncicola may become estab- 
lished as a dog parasite beyond the geographical range of the armadillo 
unless it has the powers of adaptation to entirely new larval hosts. 
However, it seems probable that- this parasite is much more prevalent 
as a dog parasite in the southwest than published accounts of its 
occurrences would indicate. Consequently since the present writer has 
discovered additional facts regarding this species, especially with ref- 
erence to one of its larval hosts, it seems worth while to publish the 
results of this investigation. 

Two of the original specimens of Oncicola canis are deposited in 
the Parasite Collection of the United States Public Health and Marine 
Hospital Service (cat. no. 9409), where they were received in October, 
1902. Parker makes reference to his unsuccessful attempts to secure 
an identification of the specimens previous to the description given by 
Kaupp. The two specimens submitted to the Public Health Service 
fortunately include both a male and a mature female. Opportunity- 
has been afforded the present writer to examine these specimens from 
the original lot and he has been able to establish the identity of these 
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with previously unidentified larvae from the nine-banded armadillo 
contained in the collections of the U. S. National Museunj and of 
the Bureau of Animal Industry. Three lots of these larvae were 
collected by Dr. Albert Hassall in Texas during October, 1891, (cat. 
nos. : B. A. I. Parasite Collection, no. 2077; Smithsonian Institution, 
Hassall Collection, no. 6312 and no. 6327). A fourth lot of larvae 
of this species bear the date of November, 1891, and were collected 
by Hassall from a specimen at Washington, D. C. The demonstration 
of the identity of these larvae with adults of 0. canis establishes 
another link in the chain of the life cycle of this species. The exces- 
sively heavy infestation of the peritoneum of the abdomen of the arma- 
dillo renders the extent of the infestation in the dog encountered by 
Parker readily understandable. 

The absolute relation of the armadillo in the life cycle of 0. canis 
is not immediataely determinable. Almost without exception an arthro- 
pod serves as the primary host which ingests the passive, hard shelled 
embryos of the Acanthocephala. Vertebrates which shelter the larvae 
of these parasites usually bear the relation of intermediate host to 
the parasite. Hence it seems probable that the armadillo serves Onci- 
cola canis as intermediate host and that some arthropod which is used 
by the armadillo as food acts as primary host. 

The type of this genus, Oncicala oncicola, is found in South Amer- 
ica where it is a normal parasite of Felis onca and F. jaguarundi. 
Travassos (1917: 50) has empirically stated that the eggs of O. onci- 
cola are ingested by the armadillo (Tatus sp?) and that the larvae 
freed in the digestive tract penetrate the wall and become encysted in 
the connective tissue and muscles. Until a direct infestation of the 
vertebrate has been actually observed it is not safe to assume that the 
armadillo is the primary host of either species of this genus. 

Unless the specimens found by Parker (1909) represent several 
distinct infestations it is difficult to believe that the ulcerations of the 
buccal membrane "as from abrasions three or four days old" could 
have been caused by individuals such as I have examined from his 
original collection. These specimens were fully mature, the female 
carrying abundant, fully formed embryos. The exact time required 
for completion of sexual development in the definitive host is not 
known for many species of Acanthocephala, but in most instances it 
covers a period of several weeks. 

The hard shelled embryos within the body cavity of the mature 
female vary considerably in size, ranging, for O. canis, from 59 to 
71/i in length and from 41 to 50/Dt in diameter. These measurements 
are considerably less than those given for O. oncicola by Travassos 
(1917). According to that author the embryos of the South Amer- 
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ican species are 99/i long and 71 to 75/Dt broad. Larvae from the 
peritoneum of the Armadillo are usually 4 mm. or more in length. 
Facts are not available to make it possible to pass final judgment 
upon the prediction of Parker that the coyote may be a usual defin- 
itive host of this parasite. No one has ever published a report of 
having found Acanthocephala in the coyote. Very little work has 
been done, to ascertain the effect of acanthocephalan parasites upon the 
host. However, the experiments of Grassi and Calandruccio (1888: 
524) demonstrate that Acanthocephala when present in niunbers 
cause the host to experience great pain. Calandruccio ingested a con- 
siderable number of the larvae of Moniliformis moniliformis. In 19 
days he was attacked by acute pains accompanied by violent ringing of 
the ears and of the entire head. In this instance it took five weeks 
for the larvae to reach sexual maturity so that eggs were recovered 
from the feces of the patient. It is not at all impossible that pains 
such as those described by Calandruccio might drive a dog or a coyote 
"mad." 
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SOCIETY PROCEEDINGS 



THE HELMINTHOLOGICAL SOCIETY OF WASHINGTON 

The thirty-ninth meeting of the society was held January 9, 1920. Messrs. 
Boeck, Cort, Daubney, Hegner, Root, Scott and Taliaferro were elected active 
members. Dr. J. E. Guberlet and Dr. G. A. MacCallum were elected American 
corresponding members and Dr. S. Yokogawa and Dr. S. Yoshida were elected 
foreign corresponding members. 

The following note was presented by Dr. Cobb: 

NOTES ON TYLENCHUS PENETRANS AND T. DEVASTATRIX 

In shipments of lily-of-the-valley bulbs from Holland, the roots show dis- 
colored areas, which on examination prove to be heavily infested with what the 
authorities in Holland have regarded as T. pratensis deMan, but which has 
been found to be T. penetrans Cobb. This pest is so common on these bulbs 
in Holland that the Dutch authorities have notified American authorities that 
they can not guarantee freedom from it. German bulbs are similarly affected. 

This has raised the question as to the degree of prevalence of the parasite 
in this country. It has been found on roots of potatoes, cotton, violets, and 
camphor. Around Washington, D. C, and adjacent states, lily-of-the-valley 
bulbs are free from this, but harbor 19 other nemas. 

In this connection it may be noted that in a shipment of about 15 species 
of plants from Brazil, there were found in a few ounces of attached soil 
76 species of nemas belonging to 30 genera, of which species 75 per cent were 
new. In soil from the roots of one species of plant from Guatemala there 
were 23 species of nemas, of which 61 per cent were new. In bamboo from 
Japan, grown in South Carolina, there were eight species of nemas, of which 
75 per cent were new. In dirt ballast from Trieste, Italy, 14 species of nemas 
were found, 79 per cent of which were new. 

Red clover raising in the North-west has been seriously interfered with 
by the injury resulting from infestations with Tylenchus dipsaci Kiihn 
(r. devtutatrix), probably imported from Holland on hyacinth bulbs. This 
species also occurs on the onion. In Idaho it has done so much damage that it 
has been necessary to plow out second-year clover, thus occasioning consider- 
able loss. An investigation shows that the live nemas may occur on the seed 
even when recleaned. As this species has been worked on by Ritzema Bos, 
an inquiry was sent to him in regard to the present knowledge of resuscita- 
tion of the worm. In reply he states that the eggs and larvae survive after 
desiccation for varying periods. In some stages the worm will survive after 
desiccation for 6 days; in others after desiccation for 2H years. The worms 
are best revived in a well aerated film of water and may require from a num- 
ber of hours to two weeks to again show signs of life. This is probably true 
of many soil nemas, a point of interest in connection with the wide distribu- 
tion of these worms in commerce. Dr. Cobb stated his belief that the above 
incidents are a reliable indication of the extent to which nemas are distributed 
in ordinary commerce. 

Dr. Cort presented the following note: 

A PECULIAR MODIFICATION OF THE TAIL IN A CERCARIA 

A number of theories undertake to explain the morphology of the cercaria 
tail. It has been surmised that the tail serves as bait for the host animal in 
cases where the tails resemble annelids belonging to the Tubificadae in their 
general outline and movement. The tail also serves in locomotion and attach- 
ment; and possibly in floating and in some instances forms a cyst for the body 
of the worm. In a form found in California the interpretation of the tail struc- 
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ture is very difficult. In the case of a similar form described by Ssinitzin, this 
writer has suggested that the tail serves to hold the cercaria in place in the 
host. An examination of the curiously modified tail in the California speci- 
mens shows that the tail appendages are connected with the excretory system 
and that the tail has only a weak attachment to the body, pulling loose very 
soon after escaping from the redia. In this species the tail could not function 
as a cyst, as the tail bulb has too small an aperture connecting it witli the 
body. There are two ribbon-like processes of unknown function extending from 
the back, and a very long process connecting with the excretory system. 

Dr. Stiles gave a vfery interesting talk on his experiences during the war, 
including helminthological work and other activities. 



The fortieth meeting of the society was held February 20, 1920. 
Doctor Ransom presented the following note: 

INTESTINAL LESIONS IN CALVES DUE TO CXX)PERIA PUNCTATA 

Post mortem examination of calves dying during the late autumn and early 
winter at the Experiment Station of the U. S. Bureau of Animal Industry 
at Bethesda, Maryland, disclosed the presence of heavy infestations with sev- 
eral species of nematodes, including lungworms, stomach worms, hookworms 
and a small trichostrongylid, Cooperia punctata. The last-named species occurs 
in the stomach and intestine and has been found in cattle in Europe as well 
as in the United States. The adult worms have been reported as occurring in 
the lumen of the digestive tract, but in this outbreak of disease at Bethesda 
it was found that they also occurred in the intestinal mucosa of the upper 
part of the small intestine. In the mucosa they are present in lesions which 
are visible to the naked eye as small accumulations of white or yellow caseous 
material. The same type of lesion associated with small worms, which in all 
probability are the same species,, has been reported from calves in Mississippi 
and Louisiana by veterinarians in those states in verbal communications. Speci- 
mens of worms from apparently similar cases have been sent in from Venezuela 
by Doctor Ribero. In this material the worms are somewhat larger and more 
. robust as a whole and in detail, the spicules attaining a maximum length of 
175m as compared with 150 to 155m in worms collected in this country and in 
Europe, but the species is apparently identical. C. punctata is commonly asso- 
ciated with Cooperia oncophora in the intestinal lumen, the former being most 
numerous in the upper part of the small intestine and scarce in the lower part, 
the latter on the other hand being rare in the upper part and more numerous 
in the lower part of the small intestine. In this connection it may be noted 
that the young hookworms found in calves at Bethesda occurred in the lower 
part of the small intestine, whereas the mature worms were most numerous 
in the upper part of the small intestine. It is also of interest that in a num- 
ber of cases hookworms were present in the fourth stomach as well as in the 
small intestine. 

Doctor Cort exhibited a specimen of Taenia sagimita in which one segment 
showed a genital papilla on each margin, the male tubules being apparently 
complete on both sides and the female tubules being complete and apparently 
functional on one side only, the other side presenting only a vaginal rudiment 
at the margin, which did not connect with the oviduct. The discussion of 
this tapeworm, a species which abounds in abnormalities, brought out other 
reports of similar variations and a consideration of some of the species which 
have been based on abnormal specimens of 7. saginata. 

Doctor Cort called attention to the fact that the Japanese government is 
sending 80 men each year to other countries for study and investigation, and 
that among these men this year there are five parasitologists, Yokogawa, Yoshida, 
Miyagawa, Miyauri and Goto, of whom the first two are in the United States. 
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Doctor Yokogawa exhibited some drawings of a Heligmosomum from the 
rat, Epimys norvegicus, in Baltimore. The species is of special interest on 
account of a marked asymmetry of the bursa. The discussion of this worm 
brought out a number of points in connection with asjrminetry in nematodes 
and other animals, among others the asymmetry of the head in the louse, 
Philopterus, and of the bursa in Haemonchus and Bunostomum: 

Doctor Pfender gave a discussion of oral infections and the possible rela- 
tion of amebae to these infections. 

Mr. Schwartz presented the following note: 

ACTIVE SUBSTANCES IN MACRACANTHORHYNCHUS 

Physiologically active substances that are known to occur in parasitic worms 
may be conveniently grouped under the headings (1) enz)rmes, (2) hemotoxins, 
(3) toxic substances which have been designated as leucomains by certain 
writers, but which are more conunonly referred to as teniotoxins, askaron, 
etc., depending upon the group of worms in which they occur. Tests for the 
presence of enzjmies in Macracanthorhynchus hirudmaceus {-Gigantorhynchus 
hirudmaceus) were performed on the fluid which occurs in the general cavity 
of the worm, on watery extracts of the entire body substance of the worm 
and on the fraction of the worm that is precipitated by absolute alcohol. The 
results were identical in each case. Neutral olive oil was not digested by the 
fluid of Macracanthorhynchus after a week's incubation at 37 to 38** C. Pro- 
tein material such as coagulated egg albumin and fibrin stained with Congo red, 
showed evidence of digestion by the fluid Macracanthorhynchus by setting free 
the stain which colored the solution after 24 hours at 37* to 38** C. The weak 
proteolytic action of the fluid was observed in an alkaline medium and was 
completely inhibited in an acid medium. Small shreds of fibrin were not dis- 
solved after being in contact with an alkaline solution of the fluid for a week. 
Proteolysis by Macracanthorhynchus fluid is therefore a markedly slow process. 
In contrast to the feeble digestion of proteins, digestion of starch occurred 
quite rapidly. Starch paste, boiled and unboiled potato starch, were converted 
into sugar by the fluids of the parasite. Tests for the presence of oxidizing 
enzymes were negative. Hydrogen peroxide remained intact after the addition 
of Macracanthorhynchus fluid. A tincture of guaiac was similarly unaffected, 
even in the presence, of a weak solution of hydrogen peroxide. 

Concerning the presence of hemotoxins in Macracanthorhynchus, a limited 
scries of experiments have yielded positive results. The fluid from the gen- 
eral cavity of the worms was found to be hemolytic to washed red blood 
corpuscles of cattle and swine. Dried worm material was powdered and 
extracted in physiological salt solution. The opalescent supernatant fluid was 
tested on washed rabbit blood corpuscles with the following results. After 
one to two hours' incubation the corpuscles became agglutinated but not 
hemolyzed. Eighteen hours later, during which interval the tubes containing 
the mixtures of corpuscles and worm fluid were kept at 8® C, hemolysis had 
occurred. In the presence of normal rabbit blood serum the hemolytic potency 
of the extract was paralyzed. The potency of the extract was destroyed by 
boiling. Tests on sheep erythrocytes yielded negative results. 

Doctor Cobb exhibited some apparatus useful in the collection of parasites, 
including (1) screens in which the intersections of the mesh are welded to 
make an integral construction strong enough to permit of the use of large 
screens, without the resultant distortion which occurs in ordinary woven mesh; 
and (2) a Syracuse watch glass painted black on the bottom and grraduated 
on the bottom inside, to facilitate collection by giving a contrasting background. 



The forty-first meeting of the society was held March 20, 1920. 
Dr. Hall presented a note on intestinal parasites found in 18 Alaskan foxes 
from St. George Island; all had ascarids, ten had a very small species of 



Digitized by 



Google 



98 THE JOURNAL OF PARASITOLOGY 

Mesocestoides, apparently new, one had an undetermined species of Ta.diia, 
a very small worm, and one had a number of dipterous larvae, probably- £roni 
fly-blown flesh. None of the foxes had hookworms, which are a serious pesX 
in some places. In comment, Dr. Cort noted the presence of a small ^wCe&o^ 
cestoides in the mouse in Colorado and a Mesocestoides from the coyote in 
California. 

Dr. Hall also presented a short note on anthelmintics, covering two ^x>irits ' 
1. That where oil of chenopodium is followed after an hour or longer l>y * 
purgative, Epsom salts may be superior to castor oil in that salts 'usually oa.vise 
purgation more rapidly than does castor oil, but that where purgatives ar^ 
given with the oil of chenopodium, castor oil is quite satisfactory and seem^» 
in some cases, to have given protection of some sort apart from its i>'tirfif»'^ 
tive action; 2. That tests of anthelmintics on earthworms are only t^sts ^ 
toxicity for the substances tested and that the results are, for the most: P^^/; 
only applicable to earthworms. Tests in vitro even on parasitic woJ^xxm^ ^f 
little about the anthelmintic value of the drugs tested. Even the appUcsttio^^/je 
resuks obtained in administering anthelmintics to remove worms fi-o««^^*^ 
species of animal must be made with reserve to other species which are m«T.^ 
with closely i;elated worms. 

Dr. Ransom presented the following note: 

THE OCCURRENCE OF ONCOCERCA IN CATTLE IN THE UNITED STATES 

About ten species of Oncocerca have been reported from man and tb 
domesticated animals. The life history of none of these has been worked out 
O. reticulata occurs in the suspensory ligaments, flexor tendons and other con- 
nective tissues of the legs of the horse, and 0. cervicalis in the cervical liga- 
ment of the same host. O. volvulus occurs in man in Africa, in nodules in 
the subcutaneous connective tissue usually on the body, rarely on the hand. 
O. caecutiens Brumpt, 1919, which occurs as a parasite of man on the west 
coast of Guatemala, is very similar to O. volvulus, but is located practically 
always on the head. It causes, a disease known as coast erysipelas. Robles 
has operated on over a thousand cases with almost invariably prompt relief 
to the patient following the removal of the parasites. O. gibsoni occurs in 
cattle in Australia, usually on the brisket, and is of considerable importance 
in meat inspection with especial reference to the export beef trade. This 
species is quite certainly absent from the United States. 

In the United States, either O. reticulata or O. cervicalis, and probably both, 
occur in the horse, and O. lienaUs (Stiles, 1892) in the gastro-splenic ligament 
of cattle, the last named being common and widely distributed. There has 
also been found in cattle in this country, a species which occurs in a super- 
ficial position in the ligamentum nuchae and in the ligaments of the legs, espe- 
cially at the knees. This form seems rather common in cattle slaughtered at 
Chicago. The lesions produced are slight, consisting of small local edemas 
and discolorations in the connective tissue and sometimes calcareous con- 
cretions in cases in which the parasites have degenerated. This parasite is of 
comparatively little importance in meat inspection; the species remains to be 
determined. 

Dr. Simon reported the occurrence of an Oxyuris in the Canadian porcupine. 
The discussion developed the fact that this worm is probably O. evoluta which 
was described from the porcupine. 

Mr. Schwartz presented the following note: 

ANTIBODY PRODUCTION BY ASCARIDS 

According to certain investigators, tests by the Abderhalden reaction are 
positive for animals known to be infested and negative for noninfested animals, 
but too much stress can not be laid on this fact in view of what has been 



Digitized by 



Google 



SOCIETY PROCEEDINGS 99 

learned of this reaction. Tests by complement fixation reaction on 17 hogs, 
showed 16 negative and 1 positive. Fecal examinations of the same animals 
showed 10 uninfested and 7 infested. The positive reactor showed infestation. 
In this connection it should be noted that eosinophilia is infrequent in ascariasis. 
This fact and the failure of infested animals to show a positive reaction by 
complement fixation indicate that absorption of substances derived from or 
elaborated by ascarids is inconstant, the conditions determining the absorption 
being unknown. When rabbits are immunized with material from Ascaris 
lumbricoides, they show a positive complement fixation, indicating the produc- 
tion of antibodies. The reaction is not strictly specific, since it can be worked 
by antigen prepared from Ascaris equorum. The antigen nwist be kept cool 
and used fresh, which indicates that it is very unstable. 

Dr. Ransom called attention to serum sickness occurring in his own case 
from the entrance of a minute amount of ascarid fluid into an abrasion on 
the hand. There was a prompt local reaction, rapidly extending, followed 
by general urticaria, slight dyspnea, pulse of 150, swelling of arms and face, 
and an increase of polymorphonuclears in an hour to 80 per cent. 

Dr. Hassall discussed the question as to what constitutes a legitimate place 
of publication for scientific names. This matter is of importance since the 
application of the law of priority depends largely on it. The place of publi- 
cation should be as legitimate as the name published. 

Mr. Chapin exhibited some specimens of wasps parasitized by members of 
the Stylopidae (or Strepsiptera). Among these forms, the female is a perma- 
nent parasite of the wasp's abdomen. Wasps become infected as larvae, the 
female Stylops remaining on the wasp, while the male leaves in the spring. 
Wasps attack and destroy these males whenever possible and it is advisable in- 
breeding experiments to have a partitioned cage with a screen through which 
the Stylops can pass and the wasp can not. The male Stylops seeks out the 
unfertilized female and copulates on the wasp, the female later swelling to 
form a bag of eggs. The resultant larvae swarm out and collect on flowers 
or other places where they can attach to suitable host insects. These insects 
carry the larval parasites to their nests, where they feed on the cell food and 
mature. The parasitized wasp shows pronounced changes as a result of the 
infestation. 

Dr. Hegner presented a note on "Measurement of trypanosomes of the 
newt, Diemyctylus viridescens" (To be published in The Journal). 

Dr. Scott presented the following note: 

INSECTS AS POSSIBLE HOSTS OF SARCOCYSTIS TENELLA 

In view of the fact that a connection had been suggested by Darling between 
the Cnidosporidia of the insects and the mammalian sarcocysts, a number of 
experiments with lambs were carried out in Wyoming to obtain information 
on this point. Lambs were fed numerous insects belonging to various orders 
and exposed in other ways to possible infection by insects. Check animals 
were protected from such exposure. In all cases the experiments, which were 
carried on for four years, gave no evidence in support of the idea that sarco- 
sporidiosis could be associated with insects, and by raising lambs which became 
infected in a screen cage free from insects the hypothesis was proved untenable. 



The forty-second meeting of the society was held May 8, 1920- 

Dr. Cobb presented a note on "A newly discovered parasitic nematode 

(Tylenchus mchogani, n. sp.), connected with a disease of the mahogany trees" 

(published in The Journal). 

He also discussed "The transference of Mononchs from place to place for 

economic purposes" (published in Science). 
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Dr. Cobb summarized a paper to be published in Nematology, dealing with 
the morphology of 120 new genera of free-living nematodes. 

Dr. Scott presented the following note: 

THE OVER- WINTERING OF THE HOUSE FLY IN WYOMING 

At Laramie, Wyoming, situated at an elevation of 7,000 feet, the summers 
are short and the winters long and often severe. To ascertain the possibility 
of fly larvae or pupae over-wintering under these conditions, a feed rack in 
which flies were breeding abundantly in the fall was enclosed in a fly-proof 
cage and examined from time to time during the winter and in the spring. 
No flies emerged in this cage. It therefore appears that flies can not survive 
outdoor winter temperature in Laramie while in their larval or pupal stages. 
It is possible that through trains bring in flies in summer. In the discussion 
a general belief appeared that the warmer parts of the Southern United States 
probably acted as a reservoir for a fly supply during the winter and that a 
large number of flies must be carried North by through trains in spring and 
summer. Captain Daubney noted that in Mesopotamia flies disappeared dur- 
ing the middle of the summer, apparently owing to the intense heat. He 
also noted that in one case where flies became very abundant an examination 
developed the fact that they were breeding in enormous numbers in the horse 
manure which was being burned. This manure was burned on an elevated 
screen, after being mixed with straw, and although the manure was burning 
at the top, the lower layer was swarming with maggots- of the so-called 
"camp fly" (Musca humHis). 

Dr. Hall presented the following note: 

APPARENT ATROPHY OF SPICULES ASSOCIATED WITH INCREASINGLY CLOSE AND 
PERMANENT UNION OF THE MALE AND FEMALE SYNGAMUS 

According to the descriptions of Muehlig and Feuereisen, in 5. bronchialis 
of water fowl the union of male and female is not as close or permanent 
in nature as in S. trachealis; the worms are sometimes found separated and 
it is possible to detach the male from the female without damaging the speci- 
men. In the common tapeworm of poultry, S, trachealis, the union is more 
intimate and permanent; except in the case of young worms in the lungs, males 
and females are always found attached and it is impossible to pull the worms 
apart without damaging them. The bursa in this species is small and the 
spicules are from 60 to 140/* long; appear to be rudimentary. In the Y-worm 
of cattle, S. laryngeus, the union of the male and female is very intimate and 
the worms can only be detached by tearing one or the other. The bursa is 
very short and very thick, and the recent work of Sheather and Shilston 
shows that the bursa of the male is attached to the circumvulvar region of 
the female by the interlocking of a number of villous projections from the 
female inserted into crypts in the ventral surface of the bursa. No evidence 
of a spicule is found even in sections. 

The foregoing suggests that with the development of the permanent copula 
there has been a strengthening of the bursal attachment and, apparently, a 
simultaneous atrophy of the spicules, terminating in their disappearance in 
S. laryngeus where the bursal attachment is unusually intimate. In comment, 
Dr. Cobb stated that an increase in the size of the bursa in species of Rhabditis 
is associated with a diminution in the size of the spicules. 

Mr. Schwartz presented the following note: 

EFFECTS OF X-RAYS ON TRICHINAE 

Encysted trichinae are highly resistant to X-ray radiation. Heavy dosages 
exert a selective injurious action on the sex cells of the parasites. Twelve 
days after feeding trichinous meat which had been exposed to heavy dosages 
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of X-rays adult worms were found in the intestines of rats. The worms showed 
atrophied gonads, and in the females the receptaculum seminis contained no 
spermatozoa. After very heavy dosages of X-rays the worms died in the 
intestines of the rat without reaching sexual maturity. Attention was called 
to Tyzzer's experiments on the effects of radium radiation on trichinae. In 
discussion Dr. Cobb reported that he had tested the effects of X-rays on the 
gall nematode, Hcrterodera radicicola. In about a dozen tests with various expos- 
ures no effect on the nematodes was noted and the galls developed normally. 
Dr. Lyon noted the effect of the X-rays in destroying spermatozoa without 
destroying the testicular secretions. He also called attention to the delayed 
production of cancer from X-rays in individuals where the cancer developed 
years after exposures. 



The forty-third meeting of the society was held May 29, 1920. Dr. Stiles 
presented the following note: 

RECENT INVESTIGATIONS ON EXCRETA DISPOSAL 

The factors involved are those of expense and labor. With this in mind, 
the Nasik method was tested, this being in use in parts of India. A trench 
is used and the excreta covered with street sweepings ; it has been claimed that 
these trenches are inoffensive and do not breed flies, and that the excreta are 
available as manure in a year. The availability of sawdust led to testing 
this and it was found excellent. Since burying excreta brought them closer to 
the ground water and removed the surface soil with its bacteria, the excreta 
were left on the ground surrounded by a box-like container of sawdust and 
were covered with sawdust. There was no odor, the sawdust would not wash 
away or blow away and would not burn. This method is only applicable where 
there is plenty of sawdust, but this is the case in the pine woods region through 
a large part of the rural section where present conditions are insanitary. It 
dries on top and hookworm larvae can not come to the surface through it; 
they probably die in a year. Amebae may live up to about 52 days, possibly 
longer. Allowing a 4- inch range of capillarity, about 6 inches of sawdust will 
be sufficient cover. Flies will develop from eggs and larvae in the manure 
and various birds will eat large numbers of the flies as they emerge. The 
fly problem is not entirely solved as yet. 

Tests with wells and pits show that the transport of bacteria through soil 
is a question of ground water. Bacteria do not travel through thoroughly dry 
soil ; they apparently travel large distances very rapidly with ground water. 
Contrary to what has been stated, ground water contains ciliates and flagellates. 

Capt. Daubney presented a note on the lungfworms, Dictyocaulus filaria and 
D. viviparus, reviewing his own work on the life history. Artificial infection 
of experimental animals was accomplished first by Romanovitch and Slavine 
and later by Guberlet. Daubney also succeeded in infecting sheep with D, filaria 
and exhibited figures illustrating 'the stages in the life history. He called atten- 
tion to the confusion of the larvae of Dictyocaulus with those of Syntheto- 
caulus by some writers. He also noted that the larvae are not as resistant to 
actual desiccation as some have claimed, and where there is a trace of moisture 
worms may survive for much longer periods. The larvae ascend a moist sur- 
face in dampness or diffused light and descend when exposed to direct sunlight. 

Capt. Daubney also read a simimary of a study of the lesions due to vari- 
ous species of lungworms, noting that the lesions were different in the case 
of Synthetocaulus from those in the case of Dictyocaulus. 

Mr. Chapin reported the occurrence of encysted Gongylonema scutatum in 
Aphodius mbeolus, a new host for the larvae of this worm. 
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Dr. Scott presented a note in regard to the transmission of swamp fever by 
means of the nasal secretions. The secretions were taken from infected horses 
and injected subcutaneously or injected into the nostrils. In both cases the 
experiment animals developed the disease, thereby demonstrating this method 
of transfer for the first time. It is possible that insects may carry these secre- 
tions from the nostrils of one animal to another. 

The forty-fourth meeting was a dinner celebrating the decennium of the 
Society. Maurice C. Hall, Secretary. 



NEW HUMAN PARASITES 



Necator argent'mus Pare li, 1920, is described from Argentine and southern 
Brazil (Sem. med.. Buenos Aires, no. 6, 1920). Langeron (Bull. soc. path, 
exot., 13 : 539) discusses the significance of the cervical papillae in the 
Ancylostomes and shows that they are not of diagnostic value. He con- 
cludes that the Argentine species is probably the same as Necator ameri- 
canus Stiles. 

Entamoeba macrohyalina Tibaldi, 1920, was found in the crypts of the tonsils 
of two young persons in Italy. It measures 24 to 40/* in diameter with a 
nucleus measuring 3 to 6m in diameter, and thus tends to be considerably 
larger than E. gingivalis which is of common occurrence in the mouth and 
may also be found in the tonsils. It differs conspicuously from E. gingivalis 
in the character of its ectoplasm which forms a broad homogeneous zone 
of a pale opal tint when stained with Giemsa. There is a well developed 
contractile vacuole evident in the living organism. The nucleus is with- 
out a definite membrane and there is no karyosome. The nuclear chromatin 
abundant, and in the resting condition is disposed in little clumps closely 
pressed together in the peripheral portion of the nucleus, leaving in the 
center a small clear triangular or polyhedral area. (Ann. d'Igiene. 
30:613-620, 1 pi., figs. 1-12. Oct.. 1920.) 
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BOOK REVIEWS 



Die Tierischen Parasiten des Menschen, die von ihnen hervorgerufenen 
Erkrankungen und ihre Heilung. By Max Braun and Otto Seifert. 
II Teil: KHnik und Therapie der Tierschen Parasiten des Menschen. 
By Doctor Otto Seifert. Pp. 506. Leipzig: Verlag von Curt Kabitzsch, 
1920. 

The first part of this well-known text appeared just before the opening of 
the war and was reviewed at length in the Journal (2:201). The second part, 
covering the clinical-therapeutic section, has only just appeared. The delay 
permitted the complete reorganization of the text and the introduction of 
material from the period of the war so that the book contains much not yet 
available in any other text. There is, of course, no necessary and intimate 
connection between this part and the section that appeared earlier under the 
immediate authorship of Professor Braun, but by virtue of a common origin 
and general title one might expect an agreement in formal matters at least. 
The fact is, however, that the names employed in this part to designate the 
parasites are noticeably different from those employed by Braun, even in some 
cases being conspicuously unusual, antiquated, and erroneous. This is unfortu- 
nately calculated to confuse most students and will surely lead astray those 
without considerable technical knowledge in this exact field. 

The author handles his topics in a fashion not found in any other work, 
emphasizing symptomatology, treatment, drugs, dosage and other practical med- 
ical aspects that are peculiarly significant for the practicing physician and make 
the volume indispensable. Reference to the sources from which material is 
taken are introduced in such abundance that fifteen to twenty-five percent of 
every page is taken up by the brief footnotes containing the references. The 
bulk of the material is German of course and American cases are not very 
fully, or carefully, listed; but other nations are equally passed over and per- 
haps the cases listed, which are evidently selected, give adequate illustrations 
of types as well as methods of treatment and results. The author cites often 
a review or abstract of an article rather than the original, his references being 
confined to relatively few journals. This has the advantage of making it pos- 
sible to consult the article readily but is open to some objection by virtue of 
greater chance of error and confusion. The great medical journals in Ger- 
many and England are most often cited; those of France and the United 
States come next and all others are infrequently referred to. Thus while 
citations are abundant and representative, the treatment of the topics is not 
exhaustive though more extensive than in any other work yet published. 

The arrangement of the material seems at times somewhat peculiar and 
difficult to explain. Thus in the general section on Cestodes many pages 
are taken up by a discussion of hookworm anemia, of ascaris symptoms and 
toxins, of whipworm anemia, of pinworm poisons, and of verminous appendi- 
citis. This material is of special value and deserves greater emphasis. Since 
no general discussion appears under the heading Nematodes, it is possible 
that this material really represents a misplaced section which by chance was 
printed under the wrong heading. A parallel case occurs under the heading 
Myiasis externa where at the close several pages are devoted to organisms 
surely not in any sense flies, such as the earworm, various Myriapods. 
Artemisia, and even a Milleporidian coral that produces dermatitis. 

The volume has a good author's index but the topical index is weak, as 
important a parasite as the trichina not being referred under any heading. 
But these are minor defects and do not conceal the high value of the work. 
In its first edition Professor Seifert*s section represented a new departure in 
the literature of parasitology. In this new edition the book is larger, better, 
and even more indispensable than before. 



Digitized by 



Google 



104 THE JOURNAL OF PARASITOLOGY 

Parasites and Parasitosis of the Domestic Animals. The Zoology and 
Control of the Animal Parasites and the Pathogenesis and Treatment of 
Parasitic Diseases. By B. M. Underhill. Cloth. Pp. 379. New York: 
The Macmillan Company, 1920. 

In this text the author presents the subject from the standpoint of a 
veterinarian. He devotes two chapters to general questions concerning para- 
sitism, eleven to arthropods, twelve to worms, and two to protozoan parasites. 
This represents perhaps the needs of veterinary practice but is inadequate 
surely to portray present knowledge of the field. 

As the only presentation of the subject in English from a veterinarian, 
the work is valuable; it indicates what topics appear important in veterinary 
science, and what aspects of those topics deserve emphasis. The book also 
contains much that is not found in any recent treatise on parasitology and 
thereby will command for itself a place in the literature of the subject. It is 
unfortunate that it displays in some respects a lack of finish that detracts 
greatly from the effect The paper is so thick that the book appears padded, 
the typography is not at all attractive and some pages are very poorly set. 
Are we to attribute to the war these shortcomings on the part of publishers 
who ordinarily set and maintain high standards? 

Those figures which are copied from the United States Bureau of Ento- 
mology are mostly admirable but a few (p. 61) are unnecessarily large and 
coarse. Some other figures (p. .158) are so poorly copied as to be a reflection 
on the source and among the original drawings too many are rough and unat- 
tractive or even mere caricatures. This fault, which is marked in many recent 
works, obtrudes itself on the attention and prevents the excellencies of the 
text from receiving due acclaim. 



NOTES 



The International Health Board of the Rockefeller Foundation has recently 
approved a plan for a cooperative investigation on the biology of hookworm 
larvae in the soil to 1>e carried out by the Department of Zoology of the School 
of Hygiene and Public Health of the Johns Hopkins University. The investi- 
gations will be carried on in Trinidad in connection with the International 
Health Board's hookworm campaign which is under the direction of Dr. G. C 
Payne. The expedition will start about May 1st and will be gone about four 
months. It will be under the direction of Dr. W. W. Cort of Johns Hopkins 
University, and associated with him Dr. J. E. Ackert of Kansas Agricultural 
College and Mr. D. L. Augustine. It is planned to center the researches around 
the question of the infectivity of the soil and to study the various phases of 
the life of the hookworm larvae in the soil which relate to this problem. 

The Typhus Research Commission of the League of Red Cross Societies to 
Poland has printed a very important preliminary report of tlieir work (Int. 
Jour. Pub. Health, 1:211). They found the Rickettsia prowazcki of da Rocha 
Lima constantly in lice fed on typhus patients and also in the vascular lesions 
of experimental animals infected with typhus. These lesions are thoroughly 
characteristic of the disease. 



Claims for lost copies allowed only in case of prompt 
notification or when change of address is received here 
before issue is mailed. 
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MEASUREMENTS OF TRYPANOSOMA DIEMYCTYLI 
FROM DIFFERENT HOSTS AND THEIR RELA- 
TION TO SPECIFIC IDENTIFICATION, 
HEREDITY AND ENVIRONMENT 

R. W. Hegner 

Department of Medical Zoology, School of Hygiene and Public Health, 
Johns Hopkins University 

INTRODUCTION 

The problems involved in studies of strains of trypanosomes are 
both scientific and practical. Considerable time and effort have been 
devoted to attempts to find size differences between human trypan- 
osomes of suj^osedly different species. Investigators have endeavored 
also by means of measurements to establish the identity of human 
trypanosomes with those of certain lower animals and thus to locate 
animal reservoirs. Furthermore, the data resulting from these 
researches throw some light upon the possibility of the existence of 
heritably diverse strains within a species, and upon the effects of the 
environment, i, e, the blood stream, of different species of hosts and 
of different hosts of the same species on a single strain. It is this last 
problem that is considered in the following pages. 

Trypanosoma diemyctyli (Figs. 1 and 2) was found by Tobey in 
1906 to be present in all of a number of newts purchased in an animal 
store in Boston. During the spring months of 1919 the writer exam- 
ined the blood of six different species of salamanders. In none of 
these were any organisms found except in Diemyctylus viridescens. 
All of seventy-eight aquatic specimens of these were infected and two 
out of seven land specimens. The negative animals were 46 specimens 
of Necturus tnactdosus, six of Plethodon glutmosus, five of P. cinereus, 
11 of Desmognaihus fusca, and six of Spelerpes bilineatus. 

The difference between the aquatic and land forms of Diemyctylus 
viridescens as regards infection with trypanosomes presents an inter- 
esting problem. The life cycle of these amphibia includes a year in 
the water, then a second year on land, and finally a return to the water 
for mating in the third year. Evidently while on land the infection 
with the trypanosomes is much decreased. The small numbers of 
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organisms found in these terrestrial specimens may be due to the 
absence on land of the transmitting agent, which is unknown. The 
universal abundance of the trypanosomes in the aquatic specimens may 
be due to their continued inoculation with young stages that have 
developed in the intermediate host ; and the lesser numbers in the lane* 
forms, to a gradual dying out of older trypanosomes. It is of interest 
in this connection to note that of 34 "land" frogs examined during the 
spring and summer of 1919 only two were infected with trypanosomes 
whereas of 41 "water" frogs 28 were infected. 



Explanation of Figures 
Fig. 1. — Typical specimen of Trypanosoma diemyctyli from newt 19. X 1600. 
Fig. 2. — Typical specimen of Trypanosoma diemyctyli from newt 15. X 1600. 

METHODS OF MEASURING TRYPANOSOMES 

In any investigation involving measurements the accuracy of the 
results depends primarily on the accuracy of the measurements. Try- 
panosomes are difficult to measure precisely, since their bodies are 
almost always thrown into curves when fixed. This is especially true 
of long slender forms. Several methods of obtaining accurate mea- 
surements have been employed by investigators. 

The method adopted by Bruce, Hamerton and Bateman in 1909 
was to draw an outline of each specimen with a camera lucida at a 
magnification of 2000 diameters "and then to measure along the middle 
line of the body by means of a pair of fine compasses, the points of 
which are separated 2 mm. Each step the compass takes is therefore 
equal to 1 micron." 

A modification of this method was employed by Stephens and 
Fantham (1912). They projected the trypanosomes on a screen with 
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a microprojection apparatus and then traced their outlines with a 
sharp pencil. A magnification of 2500 diameters was adopted. The 
drawings were then measured by placing over them semitransparent 
tracing paper on which a straight line was drawn in ink. One end of 
the ink line was placed on one end of the drawing and rotated when- 
ever the axis of the trypanosome curved. When the end of the drawing 
was reached the distance was measured with a millimeter scale. 

The method used by the writer seems more desirable than those 
described above. The trypanosomes were projected with a camera 
lucida upon a drawing card at a magnification of 1600 diameters. The 
anterior and posterior ends and kinetonucleus were then indicated with 
a dot ; the width of the body at the nucleus was recorded by two short 
parallel lines; and the nucleus was drawn. A single line was then 
drawn down the center of the body from the posterior end to the 
anterior end. With a chartometer or "map measurer" the distances 
were easily and accurately obtained. 

INVESTIGATIONS INVOLVING TRYPANOSOME MEASUREMENTS 

Bruce and his colleagues have measured thousands of trypanosomes 
of various species in their endeavor to distinguish by size character- 
istics between the species pathogenic in man and those that occur in 
the lower animals. The organisms measured were derived from vari- 
ous strains and were taken from a number of species of both wild and 
laboratory animals. Bruce finally decided that this method of specific 
identification could not be depended on. 

Data regarding the effects of different hosts on the size of the 
specimens have been provided by various investigators. Thus Laveran 
and Mesnil (1912) noted a difference between the length of specimens 
of T. brucei grown in the horse and those grown in rodents. Duke 
(1912) has suggested that strains of numerous varieties exist among 
trypanosomes of any species, and that alterations in the morphology 
of a strain may follow continued passage through laboratory animals. 

It seems probable from the work of Miss Robertson (1912) on 
T. gambiense that one difficulty in biometric studies of such trypano- 
somes, is the presence of an endogenous cycle in mammals which 
results in changes in the types at intervals that cannot be determined 
by the date of infection. Even if diversities in size were noted in 
specimens from different hosts the results would not be conclusive. 
It seems, therefore, that measurements of these polymorphic species 
are of doubtful value and that better results may be expected when 
monomorphic forms are studied. 

Pearson (1914) has made a biometrical study of many of the 
measurements published by other investigators and concludes that 
actual statistical analysis does not in any way confirm the bulk of the 
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conclusions reached by Sir David Bruce and his collaborators. He 
points out the fact that the data available do not provide material for 
an analysis of the relative influence of the various environmental 
factors and hence one cannot determine whether divergences indicate 
different strains or merely modifications due to different environments. 

Most of the quantitative studies of trypanosomes deal with attempts 
to secure data that will provide means of specific di'agnosis. Those 
data that might furnish evidence of diversities due to the character 
of the host in which the specimens were grown are of doubtful value 
because most of the species studied have been dimorphic or poly- 
morphic and hence have exhibited great variations even from a single 
host. Furthermore, many of the strains measured had received dis- 
similar treatment ; some were taken directly from wild animals, whereas 
others had been passed through series of laboratory animals of different 
species during periods of varying length. This treatment may have 
had an influence on the morphological characteristics of the strains 
used. The available measurements of monomorphic trypanosomes do 
not exhibit variations that make possible any definite conclusion as 
regards diversities when grown in different hosts. 

A* review of the literature, especially the paper by Pearson, empha- 
sizes the importance of more careful studies of the relations between 
trypanosomes and their environment represented by different species 
of hosts and by different individuals of one host species. It is possible 
to isolate single tr)rpanosomes and to obtain in one hosf animal a supply 
of specimens that can be compared with the descendants of other single 
specimens in host animals of the same or other species. Work of this 
character is now in progress in this laboratory. 

TRYPANOSOMA DIEMVCTYLI FROM DIFFERENT HOSTS 

Measurements were made of 100 specimens of T. diemyctyli that 
were taken at random, ten from each of ten individuals of Diemyctylus 
viridcscetis. Some of these measurements are presented in Tables 1 
and 2. The preparations were all made on the same day and stained 
with Wright's stain. No selection was made either of the newts from 
which the trypanosomes were obtained or of the trypanosomes on the 
slides. The first ten trypanosomes that were found in the preparation 
from each newt were drawn at a magnification of 1,600 diameters and 
then measured with a map measurer. 

Table 1 includes the variations in the distances from the anterior 
end of the body to the center of the nucleus, from the center of the 
nucleus to the kinetonucleus,* and from the kinetonudeus to the pos- 
terior end. The width of the body at the point where the nucleus is 



♦By the kinetonucleus is meant the body called by the French ccntrosome, 
by the Germans blepharoplast, and by certain Americans parabasal. 
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situated is also given as well as average distances. The data are 
arranged in a series with those of the largest set of ten trypanosomes 
at the top of the table and those of the smallest set of ten at the bottom. 
The final averages differ somewhat from those given by Tobey. 
Tobey's specimens were from 45 to SO/i in length with a flagellum 24fi 
long. My specimens ranged from 42.5 to 75.3ft in length with a flagel- 
lum 32ft long. The measurements of the trypanosomes from newts 
19 and 15 are particularly interesting. The data show that in every one 
of the trypanosomes from newt 19 the distance from the anterior end 
to the center of the nucleus is considerably greater than it is in any 
of the specimens from newt 15. This distance in newt 19 ranges from 
31 to 44ft, whereas in newt 15 it ranges from 20 to 23ft. The average 
in the ten specimens from newt 19 is 36.3ft and in newt 15, 21.4ft, a 
difference of over 50 per cent. The differences between the distances 
from the center of the nucleus to the kinetonucleus are similar but not 
so great, those of the trypanosomes from newt 19 being only 25 per 
cent, greater than from newt 15. The distances from kinetonucleus 
to posterior end show differences averaging over 50 per cent., and the 
average difference in total length exclusive of the flagellum is approxi- 
mately 50 per cent. 



TABLE 1. — Variation in Length and Width of 100 Specimens of 
T. diemyctyli Taken at Random, Ten from Each of Ten Newts, and 
THE Average Length and Width of the Same Groups of Ten. All 
Measurements in Microns 
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The striking fact brought out by a comparison of these data is the 
large and constant difference in length between the two sets of try- 
panosomes taken from two different hosts of the same species. That 
this difference in length is not due to methods of preparation causing 
the elongation of one set and the contraction of the other is evident 
when a comparison is made of the diameters of the body in the region 
of the nucleus. The long specimens from newt 19 were also thicker 
than th6 short specimens from newt 15, the former averaging 3.3fi in 
diameter, and the latter only 2.2/i. The trypanosomes in newt 19 were 
therefore uniformly larger in all dimensions than those in newt 15. 
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Further study of Table 1 shows that the sets of 10 trypanosomes 
from each of the 10 newts were comparatively constant in their 
measurements. On the whole, the longest specimens are also the 
thickest, and length and width decrease together as one proceeds down 
the table. 

In every set the average distance from the anterior end to the 
center of the nucleus is greater than that from the center of the 
nucleus to the kinetonucleus. When these distances are compared in 
the different sets, however, considerable variation becomes evident. 
For example, in specimens from newt 19 the difference between these 
two distances averages 10.7fi whereas in those from newt 17 the aver- 
age difference is only 0,1 fi and in those from newt 15 only O.S/i. These 
distances are more uniform also in trypanosomes from newt 15 than 
in those from the other newts. The variations in the distances from 
the kinetonucleus to the posterior end werS slight in the trypanosomes 
of each set, but the average distance is greatest in those of the longest 
set and becomes gradually less as the total length decreases. 

After the work just described was completed it seemed desirable 
to obtain a more accurate measure of the differences between the 
trypanosomes in newts 19 and 15. Ninety more specimens from each 
newt were therefore measured by my assistant and the results are 
indicated in Table 2; this gives the averages of the various distances 
for the first ten trypanosomes measured from newts 19 and 15, for 
the succeeding ninety and for the entire one hundred. It is interesting 
to note that the averages for the first ten are very nearly the same as 
for the succeeding ninety. This indicates that the data obtained by 
measuring ten specimens from each newt as presented in Table 1 give 
fairly accurate averages. 

Among the specimens from newt 15 six were found that were very 
much larger than any of the others. Measurements of these six are 
given in Table 2 and were omitted from those used for getting the 
averages of the 100 specimens given in this table. These six specimens 
resemble very closely those taken from newt 19 and apparently repre- 
sent a type differing widely from the other more abundant trypano- 
somes from newt 15. Several explanations suggest themselves to 
account for the diversity between these two types found in a single 
host. Most probably there are here two size races of one species or 
there may be two distinct species living in a single host. The two 
types may possibly represent sexual stages of one species and although 
from what is known of the life cycles of other blood-inhabiting pro- 
tozoa one would expect to find the sexual stages in the invertebrate 
host, still, as in the malarial organism, gametocytes may be developed 
in the vertebrate and remain dormant until stimulated to further 
activity within the invertebrate host. It is also possible that the two 
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types of trypanosomes from a single host may be due to different 
stages of growth. A final suggestion is that T. diemyctyli is dinlorphic. 

DISCUSSION 

No one has succeeded in classifying satisfactorily the trypanosomes 
and their allies, a condition due in part to the difficulty of determining 
morphologic differences of diagnostic value and to the fact that many 
species are polymorphic. T, diemyctyli is a favorable form for study 
because it is apparently monomorphic. Its life history, however, is 
unknown. The account Tobey gives of this species and the experience 
of the writer indicate that types other than the long, slender form do 
not occur in the blood of the newt, at least at the time of year when 
the examinations were made (May). No specimens were found that 
showed any signs of division and hence it seems safe to assume that 
all of the organisms measured represented "adult" forms. 

TABLE 2. — Average Length and Width in Microns of Specimens of 
T. diemyctyli from Newts 19 and 15 
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33.5 
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Two hypotheses suggest themselves to account for the constant 
diversities in the total length and the length of portions of the try- 
panosomes from the different individual newts; (1) the observations 
may deal with pure lines, and (2) the organisms in one newt may be 
derived from various lines but may have become comparatively uniform 
in size due to life in one environment. The differences between groups 
of trypanosomes from different hosts might be accounted for by dif- 
ferences in the environment. 

Pure Lines in Protozoa. — It has been shown by many investigators 
that "wild" specimens of free-living protozoa differ from one another 
in their heritable characteristics and that the descendants derived by 
vegetative reproduction from one "wild" individual may be uniformly 
different from those descended from another "wild" individual. The 
number of these pure lines that may exist in nature seems almost 
infinite. 
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Considerable interest has recently been created by the discovery of 
different strains of cysts of Entamoeba histolytica and £. coli, Mathis 
and Mecier (1916, 1917) recognize cysts of two sizes from £. histo- 
lytica which they consider indicates a sort of sexual dimorphism. 
Various strains of cysts as regards size have also been noted in 
£. histolytica by Wenyon and O'Connor (1917), Dobell and Jepps 
(1917), Matthews (1918), Mackinnon (1918), Smith (1918, 1919) 
and Kofoid, Komhauser, and Swezy (1919). The evidence indicates 
the existence in these parasitic protozoa of heritably diverse races 
similar to those that have been described in a number of free-living 
protozoa. What influence environmental factors may have on the size 
of the cysts can be determined in several ways; for example, single 
specimens could be isolated from cultures and pure lines obtained 
from these also in culture. The effects of changes in environment 
could then be observed by modifying the culture medium or by inocu- 
lating specimens from the same pure line into different laboratory 
animals. 

The habitat of the intestinal amoebae resembles that of the try- 
panosomes in certain respects although it may be more or less varied 
because of the many different kinds of food taken into the alimentary 
canal. The composition of the blood differs in different species of 
animals and to a lesser degree in different individuals of the same 
•species. This means that trypanosomes also are subjected to differ- 
ences in their environment. No one knows what effect these different 
environments may have on trypanosomes belonging to the same pure 
line, but as noted above a method of determining this point is available 
and is being put to the test in this laboratory. 

SUMMARY 

( 1 ) * Every one of 78 aquatic specimens and 2 of 7 land specimens 
of the newt, Diemyctylus viridescens, collected in Pennsylvania were 
found to be infected with Trypanosoma diemyctyli Tobey. No try- 
panosomes were found in 72 specimens of 5 other species of salaman- 
ders. Inoculation experiments with T. diemyctyli on 6 species of 
salamanders and 2 species of frogs were unsuccessful. 

(2) Measurements were made of trypanosomes from 10 newts. 
These groups of trypanosomes differed from one another in their range 
of variation in total length exclusive of the flagellum^ in the length of 
portions, and in the width of the body, in the average length of the 
entire body exclusive of the flagellum, in the average length of portions 
and in the average width. 

(3) Length and width show a positive correlation and on an aver- 
age the longer the specimen the wider it is. 
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(4) Of 106 trypanosomes from one newt, 100 were uniformly 
small and the remaining 6 were much larger, indicating 2 different 
types in a single host. 

(5) The different types of trypanosomes obtained from the differ- 
ent newts are probably races of one species that are heritably diverse 
in size. They may, however, belong to different species or may be 
sexual phases of a single species, or may differ because of changes due 
to the environment. 
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A NEW BLOOD FLUKE FROM TURTLES* 
Henry B. Ward 

For several years an interesting trematode has been under observa- 
tion in the laboratory here. It occurs in various species of turtles, and 
was first discovered in some material shipped in from the south for 
class work. Peculiar importance attaches to the fact that it is a species 
inhabiting the circulatory system, and in fact it shows a relationship 
to the blood-inhabiting flukes of man which has become more clearly 
evident as the observations have accumulated. Since the material is 
easily obtained, it will afford perhaps the best opportunity available in 
this country for the laboratory study of forms adapted to this peculiar 
environment, so that, despite the incompleteness of the observations, 
the publication of this note Is justified. It is further called for by the 
fact that several others, who had their attention called to this species, 
plan to give it a more detailed study than I can make at the present 
time, and will be glad to have a record of the facts thus far determined 
in order to utilize them as a basis for further study. 

For this very unique species I propose the name Proparorchis 
artericola gen. et spec. nov. 

The parasite has been found in several distinct species of turtle from 
widely separate localities. Thus, according to records of the collection 
here, it has been met with in Pseudemys elegans from Havana, Illinois, 
in Malacoclemmys leseuerii from Newton, Texas, in Pseudemys scripta 
from Raleigh, N. C, and in Chrysemys marginata from Fairport, Iowa. 

OBSERVATIONS ON LIVING MATERIAL 

The general distribution of the parasite in the body of the host is 
well illustrated by the record of one very careful examination made 
in May, 1915. The specimen was Pseudemys scripta. The circulatory 
system was first studied and the examination of a large quantity of 
blood gave only negative results. After ligating veins and arteries, the 
heart was removed and four flukes found in it. Several large veins 
were taken out and teased, but no flukes obtained. When, however, 
the large arteries were subjected to similar treatment, three flukes were 
taken ; one was found plugging up the end of an artery. Both lungs 
were teased out; one yielded three flukes, the other none. Negative 
results came from similar handling of the liver. All organs examined 



♦ Contributions from the Zoological Laboratory of the University of Illinois, 
No. 176. 
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contained tggs. A large number were present in the brain. They 
seemed to be more numerous in the lungs and digestive system than in 
the muscles. 

A year later another turtle of the same species was examined with 
almost identical results. Every precaution was taken to prevent trans- 
fer of material from one organ to another or loss of any during the 
examination. The heart contained four large flukes, the arteries three, 
and the veins none. One lung yielded three flukes and the other none. 
The intestine and mesentery were stretched out and fixed in that con- 
dition. A methodical examination revealed no flukes in these organs 
altho eggs were very abundant in the mesenteric vessels. 

When the living worms are released from blood vessels into normal 
salt solution, they often display marked activity and swim about so 
rapidly that it is difficult to follow them. The method of progression 
in the fluid resembles that of leeches and is sufficiently powerful to 
convince the observer that they can probably make progress against the 
blood stream in the arterial circulation. Their orientation in respect to 
the direction of the current in the vessels varies. 

As has already been noted, they were never found in the venous 
circulation, but were taken in arteries and in the heart. This location 
was finally verified by ligating the blood vessels, removing the heart and 
sectioning it in toto, A fluke was found in the ventricle. In this host, 
also, it was found that ^gs were very abundant in the walls of the 
ventricle and present tho less abundant in the walls of the auricles. 
The numerical difference was somewhat proportional to the thickness 
of the muscular tissue in these two r^ons. The turtle examined in 
this instance was rather small, and hence young. Yet it was generally 
infected with eggs in various tissues. 

Almost all tissues contain ^gs in case the turtle is generally infected 
but the mesentery and the lungs seem to accumulate the most. In 
extreme cases these organs are crowded so full that, as can be most 
easily observed in the case of the mesentery, the eggs serve to outline 
the course of the arteries. In the mesentery the ova vary widely in 
color and general appearance. Some are only faintly colored with a 
clear transparent shell that enables one to determine readily the char- 
acter of the enclosed embryo. Those at the other extreme are deep 
brown, almost black, and entirely opaque. None of the shells had 
opened and apparently none of them escape from the vessels. The 
mesenteric arteries would thus form a graveyard in which ova would 
accumulate without achieving for the species their purpose. 

It is interesting to compare with this an observation reported to me 
by one of my students. He examined a small turtle that had died after 
being kept some time in a laboratory tank and found the lungs filled 
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with eggs. Many of them were empty shells from which the miracidia 
had escaped for the lid was open. It is of little value to speculate on 
the fate of these embryos. It is clear, however, that if at the time of 
oviposition the flukes resort to the ventricle, which they surely do visit 
as I have shown, then the ova will be carried in part into the systemic 
arteries and in part into the pulmonary arteries. The ultimate results 
seem to be different in the two cases. Eggs have also been obtained 
from the feces of infected turtles. 

The number of parasites found in a single host has never been very 
large whereas the number of ^gs was often very great. This points 
to the gradual accumulation of the ova in the vessels, perhaps over a 
considerable period. Some turtles have been examined without finding 
any of these flukes and yet eggs occurred abundantly in the tissues. In 
other cases only very young flukes were found and these had not yet 
begun to produce eggs altho the eggs were numerous in the mesenteric 
vessels. While some parasites might easily be overlooked, yet these 
cases indicate that the flukes which had produced the eggs, had died 
and the young parasites were a later infection. 

Some observations were made on the ^gs containing living embryos. 
For this purpose ^gs were taken from the feces of Chrysemys mar- 
ginata and treated with dilute solutions of HCl from 0.02 to 0.1% in 
strength. The effect on the miracidia was very evidently stimulating, 
but those that hatched out were killed by the action of the acid imme- 
diately after the rupture of the membranes, and some were killed while 
even yet within the unbroken egg shell. This would seem to indicate 
extreme sensitiveness to gastric digestion and preclude direct infection 
of a new host by way of the alimentary system at least. 

Eggs placed in hanging drop cultures hatched out in from 4 to 24 
hours after being mounted. From these eggs and also from others 
placed in pure water, the miracidia seemed to emerge sooner than from 
eggs left in feces in a petri dish. When eggs with mature embryos are 
broken open in normal (0.75%) salt solution, the miracidia can be 
studied and later preserved. Free miracidia were found in feces cul- 
tures, but all those seen there were dead. Their escape from the shell 
was not observed. Other eggs in the feces contained apparently fully 
developed miracidia that had died without hatching out. No light was 
obtained on the conditions controlling the normal escape of these 
embryos from the eggs. 

The unripe embryo is rather quiet, but shortly before hatching it 
becomes increasingly active, first by moving parts of the body and then 
by rotation on its longitudinal axis. This rotation increases in rapidity 
and is accompanied by pronounced contractions of longitudinal and 
circular muscles which turn the embryo so that it may assume any posi- 
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tion within the shell. These violent movements ultimately loosen the 
cap of the egg shell and tiU it to one side like a lid fastened by a hinge. 
The miracidium forces its way bit by bit thru the open door which is 
not large enough to permit its immediate exit, but once free it swims 
round and round in the free water with relatively great speed and 
energy. In all observations made here, they lived only a very short 
time (5 to 10 minutes), becoming rapidly distorted and ceasing all 
activity thereupon. It is probable accordingly that these observations 
did not present normal conditions for opening the eggs or for the mira- 
cidia afterwards. Of course the conditions may have brought about 
precocious hatching, but none of the eggs hatched which were held 
under observation for longer periods. 

Miracidia still enclosed in the egg shell measure about 28 to 14/i 
whereas those free in water or feces are distinctly longer and slenderer, 
measuring about 30 by U/i. Within the shell one finds a large oval 
globule (Fig. 7) slightly greater in dimensions than the embryo. The 
miracidium has a large black eye spot which always appears irr^^ar, 
and in favorable circumstances shows the form of contiguous reversed 
crescents usually designated as X-shaped. Some large gland cells are 
seen faintly in the living specimen, and its surface is covered with a 
coating of long cilia which are comparatively thinly distributed. The 
anterior end carries a cap-like structure which in the free swimming 
miracidium (Fig'. 9) becomes a small bluntly rounded conical papilla. 
The ducts of the glands open on the summit of this papilla. 

STRUCTURE OF THE ADULT PARASITE 

The adult worms, which are easily found on careful examination 
of the mesenteric vessels of infected turtles, are small and conspicuously 
transparent. In size, they measure from 1.62 by 0.28 to 2.62 by 0.77 
mm. In the smallest the ovary was small and no ovum had yet devel- 
oped but ripe sperm cells were found in testes and vesicle. The body is 
an elongated oval, or spindle shaped tapering slightly towards sharply 
rounded ends. The anterior end is more nearly pointed and much more 
mobile than the posterior. The body is relatively thin, measuring not 
more than 70 to 80/i in dorso-ventral diameter, and in the preserved 
specimen is regularly hollowed out a little on the ventral surface both 
longitudinally and transversely. The margins of the body are notice- 
ably thin and sharp. In the blood vessels the worm appears to be much 
slenderer and longer than when observed outside the body of the host 
or in alcoholic specimens. The transparency of the body is due to the 
relatively slight development of the muscular layers which are. repre- 
sented only by thin sheets of very delicate fibers. 
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At the anterior end one notes the single sucker present in this 
species. It is peculiar in form, being a greatly elongated oval with 
relatively small sub-terminal opening. It projects forward in an 
unusual fashion, and imparts to the anterior end a characteristic appear- 
ance which is rarely met with among trematodes. 

The surface of the body is smooth and without spines or scales. 
None of the small wart-like structures with fine spines have been found 
in this species which are described by Looss and others for other types 
of blood-inhabiting flukes. In preserved worms, which are somewhat 
contracted at the anterior end, the esophagus is slightly sinuous and the 
inner wall plicated. It has a relatively large lumen and increases in 
external diameter posteriad. The cavity varies noticeably in width, 
having one or two wider regions much such as are figured in the Schis- 
tosomatidae by Looss (1895, pi. 2, fig. 18). There is no evidence 
whatever of a pharynx, but near the posterior end (Fig. 5) the wall of 
the esophagus is conspicuously thickened by an accumulation of what 
are certainly gland cells. These take a deep stain, and while so irr^^lar 
in form as to preclude the possibility of interpreting them as a muscu- 
lar organ, yet superficial examination might lead one to designate this 
region as a pharynx. It is, however, at the very termination of the 
esophagus, taking in one-fifth or one- fourth of the entire length of the 
organ and not separated by any interval whatever from the diverging 
crura. These gland cells are densely crowded and in this posterior 
region occur in several layers so that they seem to form an enlargement 
of the esophageal wall. A thinner layer covers the wall of the esopha- 
gus for its entire length. Similar conditions were originally described 
by Leuckart for Schistosomes and fully verified by Looss. The likeness 
between Proparorchis and Schistosoma in respect to the esophagus is so 
complete that it extends even to minute details of structure. Looss 
(1899:751) reported similar glandular structures in Hapalotrema and 
denominated them salivary glands. It is thus evident that they are all 
but universal in blood-inhabiting flukes and indeed will probably be 
found in species from which they have not yet been recorded. Their 
development is undoubtedly due to the type of food utilized by these 
flukes. 

The intestinal crura are markedly sinuous in outline and nearly 
equal in caliber throughout the entire length. They extend to within a 
short distance of the posterior end and there turn somewhat towards 
the center, although always remaining distinctly separated from each 
other. The cells which line them are filled with a dark granular sub- 
stance, suggesting the origin of this material from the blood of the host 
(Cf. Looss. 1895, pi. 3, for Schistosomes). The crura diverge almost 
at right angles from the esophagus, forming a conspicuous cross bar 
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and an equally conspicuous angle at the side where they turn backwards. 
Directly opposite the point of junction with the esophagus is a median 
structure which stains conspicuously and is apparently glandular. It 
has only in part the same appearance as the crura themselves, and might 
be regarded as a median diverticulum with a very short lumen. How- 
ever, the cells are not filled with the dark granules which impart to the 
intestine its characteristic appearance. The lining of the diverticulum 
is a very thin membrane and at its base is a mass of amorphous material 
which resembles in appearance and in staining qualities the inner layer 
of the esophagus (Fig. 5). 

The excretory system is easily seen at the posterior end of the body. 
It presents the form of a bifiri bladder or perhaps of small lateral 
bladders connected by very short stalks to a common duct, which is 
equally brief and opens at the median pore. The latter is nearly ter- 
minal in location. The lateral bladders are a little shorter than the 
space between the posterior tip of the body and the end of the intestinal 
crura. Anteriorly one sees a single longitudinal vessel connected with 
each bladder. Further details of the system have not been worked out. 

The main features of the nervous system are distinct in living speci- 
mens and also in toto-preparations. The anterior ganglion spans the 
esophagus a short distance back of its junction with the oral sucker. 
The lateral nerves are relatively heavy and can be traced the length of 
the body. These features are relatively larger and more conspicuous 
than in most flukes. Here again the conditions recall those in the 
Schistosomes as reported by Looss (1895). 

The most striking feature in this parasite is the peculiar develop- 
ment of the reproductive system. The organs are nearly all confined 
to the area within the intestinal crura. The testes (Fig. 1,0 occupy the 
major portion of the space anteriorly. They begin a short distance 
behind the fork of the intestine and extend as a series of irregularly 
lobed bodies down the median line a distance equal to about one-half of 
the entire length of the worm. In this group are from six to ten or 
more irreg^ilarly shaped bodies, more or less flattened on the anterior 
and posterior faces by mutual pressure but deeply lobed on the lateral 
aspects. In many cases it looks as if the parts were continuous, but 
sections show well developed limiting membranes separating them. It 
may be that there is a fixed number of separate parts in this testicular 
area but the varying stages of contraction in different specimens make 
it difficult to reach a positive conclusion. Immediately behind the pos- 
terior testis is a seminal vesicle (Fig. 3, sv) which is elongated, pyri- 
form and connects directly with the cirrus (c). No distinct prostate 
cells were seen and both the cirrus and the cirrus sac are delicate and 
difficult to detect. The pyriform vesicle and the duct form a nearly 
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straight passageway from the center of the posterior testis to the com- 
mon genital pore {gp). This opening is located about on the level of 
the intestine at the left side and ventral. 

The ovary {ov) is a many-lobed structure in the intracrural area 
behind the testes; it lies chiefly dorsal. The vesicle and cirrus cross 
ventrally the left ovarian lobes. The opposite face of the organ is 
pressed closely against the intestine on the other side of the body. The 
yolk glands (Fig. 3, v) are exceedingly voluminous. They begin about 
at the end of the esophagus and extend just a little beyond the posterior 
ends of the intestinal crura. The cells tho not crowded form an almost 
continuous strip or band which lies below and, to some extent, on both 
sides of the crura but only in the immediate proximity of those struc- 
tures, for the central area of the body is entirely without yolk cells. 
At the end of the esophagus and behind the crura, the cells from the 
two sides approach and become confluent in the median line. Behind 
the ovary on the ventral side of the body, the transverse yolk duct joins 
the two yolk glands and on it in the median line is formed a prominent 
yolk reservoir ( vr). There are no reproductive organs behind this limit, 
except some of the outlying cells of the vitellaria already mentioned. 

The ducts of the female system are strikingly simple, and are 
crowded together in a small triangle between the ovary, the cirrus, and 
the transverse yolk duct. The relation of the different structures will 
be apparent from the illustrations (Figs. 2, 3) one of which represents 
a reconstruction of this area from a series of sections. One can readily 
identify the x-arious structures. A small expansion on the oviduct near 
the ovary is seen to be the receptaculum seminis uterinum {rsu) which 
is easily recognized by the considerable mass of sperm cells that it con- 
tains. After a brief course dextrad and posteriad the oviduct turns 
sharply back on itself near the intestine and swings in a crescentic curve 
to the sexual pore on the opposite side of the body. About at the angle 
made by this turn, there is given off a short tube which mounts almost 
directly to the dorsal surface. This is Laurer's canal (/r). It is rela- 
tively large and open, and contained ripe sperm cells in those specimens 
which were sectioned. Half way from this point to the genital pore, the 
canal is slightly expanded, and in this expansion lies in many specimens 
a single tgg. This tube corresponds in position and connections to the 
long convoluted uterus in most flukes, but instead of carrying a mass 
of ^gs such as is usually found in that organ, it never contains in this 
form more than a single one. The short stretch which intervenes 
between this region and the pore is distinctly provided with a muscular 
layer in the wall (Fig. 4). This region is the metraterm; the eg^ lies 
really in the ootype and a true uterus is lacking. 
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The eggs outside of the worm in the blood-vessels of the mesentery 
as already noted are in part light colored and semi-transparent, and in 
part dark brown and almost opaque. The latter seem to be the older 
eggs. Sets of eggs from different places were measured, and the results 
are given in the following summary. All measurements are given in 
microns. 



Prepara- 


Number 


Average 


Average 


/ Length \ 


r- Breadth -^ 


tion, No. 


Measured 


Length 


Breadth 


Max. 


Min. 


Max. Min. 
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96.8 61.8 
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20 


95.9 


77.0 


114.4 


792 


88.0 52.8 


General average 


.. 102.2 


78.8 









/= light eggs only; d = dark eggs. 

Most eggs come within the limits of 88 to 114/a in length and 70 to 88m 
in breadth. 

When these figures, which are obtained from preserved material, are 
compared with those giving dimensions of the eggs under other condi- 
tions, the results are rather extraordinary. In living specimens eggs 
from cultures, drawn and measured were 85x68 /*, 97x80 ft, 80.5x73 /i, 
85x74 fi, 97x80 fi. In worms which had been preserved, stained and 
mounted in toto, the eggs still contained in the uterus of the female 
showed dimensions of 75x45 fi and 84x41 fi. The eggs from cultures 
and especially those still retained in the body of the female are thus 
smaller than the average of those found free in the blood-vessels of the 
mesentery. Further, eggs in the body of the worm are clearly oval, 
whereas those outside are more nearly spherical. Looss (1902:522) 
noted also that the egg shell may increase in size during the growth of 
the embryo; this was observed in a blood-inhabiting species the adult 
of which was not identified. 

The eggs found in various organs occasionally show stages in cleav- 
age or much more often two black eye spots indicating that the mira- 
cidia are well developed. One encounters also many eggs in which the 
enclosed embryos are dead and undergoing disintegration. One of my 
assistants at one time found a mass of eggs in the intestine of a turtle 
but no evidence was secured on the method by which the eggs escaped 
from the vascular system or the place at which such escape was made ; 
and the discovery noted may have been based on some sort of accidental 
transfer of the eggs to the intestinal contents. Nevertheless there is no 
doubt that eggs occur regularly in the feces of the turtles for they have 
been collected and studied frequently and those found there contain 
living embryos. 



Digitized by 



Google 



122 THE JOURNAL OF PARASITOLOGY 

The data just given on the structure of the parasite may be sum- 
marized in the form of a generic description as follows : 

PROPARORCHis Nov. Gen. 

Small trematodes with delicate body, widest at center and tapering 
towards both ends. Oral sucker elongate, protruding; no other sucker 
present. Esophagus with wide lumen, without pharynx, covered with 
glandular cells, prominent near posterior end; crura long, sinuous, 
extending nearly entire length of body. Median glandular diverticulum 
opposite end of esophagus. Excretory bladder double, short ; excretory 
pore single, subterminal. Genital pore sinistral, ventral, in posterior 
region. Cirrus sac with slender cirrus and ductus ejaculatorius ; semi- 
nal vesicle large, pyriform. Testes numerous, irregular, lobed, in 
intercrural area, between intestinal fork and ovarian complex. Ovary 
lobed, posterior to testes, chiefly on right side of body; oviduct short, 
with sperm filled expansion (receptaculum seminis uterinum). Laurer's 
canal present but no receptaculum seminis. Vitellaria well developed, 
conspicuous laterally, enveloping intestinal crura on lateral, dorsal and 
median aspects thruout entire length. Transverse yolk duct with 
median reservoir between ovary and end of crura. No true uterus 
present, metraterm extends straight from ootype to pore. Eggs depos- 
ited so soon after formation that never more than a single one is seen 
in the fluke. Egg provided with cap ; those in body of worm measure 
about 80 by 45 ft, in blood vessels of host about 100 by 80 /t. Cleavage 
well advanced before oviposition; well developed miracidia with con- 
spicuous eye spots in eggs taken from blood vessels of host. 

Type and only species : Proparorchis artericola from various fresh 
water turtles. 

The data in my possession are not all referable to the single species 
which has just been described. In details of structure, in regard to the 
eggs, in the location in the host in which they have been observed, and 
in some other details, certain specimens diflfer so distinctly from the 
account above that I can not at present include them under the same 
heading. It is possible that they represent different phases in the life 
cycle of a single species. I am inclined to think the structure of this 
worm too delicate for one to consider it probable that any part of its 
life history could be passed in the intestine. But such a transfer must 
still be kept in mind as a possibility. In my opinion it is much more 
likely that further study will disclose the presence of several species 
parasitic in the blood of reptiles and amphibia. I have myself a single 
specimen of a distome unlike any genus yet described which was found 
in the course of explorations for the species just described. 
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RELATED SPECIES OF FLUKES 

In a recent paper (G. A. MacCallum, 1919) has given a brief descrip- 
tion of an unusual worm found in the intestine of a wood turtle at the 
New York Aquarium. This form is undoubtedly closely related to 
that described in this paper. To this form MacCallum gave the generic 
name, Spirorchis, but omitted to add any specific designation. In order 
to insure accuracy of reference, I would suggest that his species be 
designated Spirorchis innominate, MacCallum's description is brief and 
in some details confused since the dimensions given are clearly wrong 
and the text does not agree in full with the illustration. On the other 
hand no one can consider his account without being impressed by the 
general likeness his species has to that described here. It is important 
to consider in a comparative fashion the structure of these two forms as 
a basis for a decision as to the degree of their relationship. 

MacCallum's fluke is considerably larger tho of the same general 
form and apparently also similarly delicate in structure and transparent. 
The general plan of the organs is much like that in the species just 
described. The peculiar form and position of the oral sucker in Pro- 
parorchis is both described in MacCallum's text and shown in the figure 
accompanying it; on the other hand, the characteristic angle of the 
esophagus and crura in this form is not shown or mentioned by Mac- 
Callum, and the pharnyx which he describes and pictures near the 
center of the esophagus is certainly not present at all in the blood 
fluke I have studied. Many further items in MacCallum's account, like 
the appearance of the testes and of the seminal vesicle, the size and 
form of the ovary and of the egg, and the various measurements of the 
body which do not agree with the description given above, may perhaps 
be explained as specific differences tho they are not discussed in suffi- 
cient detail to make this opinion positive. His very definite statement 
concerning the location of the genital pore shows a striking difference 
from the condition in the species described here. 

MacCallum states that his parasites were taken from the intestine 
of a wood turtle (Chelopus insculptus) but adds "as will be seen by the 
color of the contents of its intestines, it is a hematophagic trematode." 
It is not unlikely that its presence in the intestine was accidental, the 
result of opening some blood vessel during the dissection, and that in 
fact that species also is normally an inhabitant of the vascular system. 
But this is only a tentative opinion. 

The converse of that proposition is entirely untenable. One can 
not maintain the view that the worms I found in the blood vessels are 
immature forms which might later attain the adult condition in some 
other location. Several conditions militate against such an explanation. 
First, large masses of ripe sperm cells are found in the worms, and 
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occur not only in the seminal vesicle, but also in that portion of the 
oviduct often termed the receptaculum seminis uterinum. This shows 
that imprecation has already taken place altho, of course, this might 
have been self -impregnation which has been observed in encysted 
trematodes. Secondly, many if not all of the flukes contained in the 
uterus a single ^gg which was well started in development. Third, 
careful microscopic inspection of the ovary and testes gave evidence 
that these organs in some cases had been functioning for some time. 
Fourth, the blood vessels contained large numbers of t%g shells which 
enclosed fully developed embryos ; these were removed from the vessels 
and watched in many instances until the miracidia hatched out and 
swam about in the culture medium. Fifth, all stages in advancing 
maturity which should be present in adult worms are actually repre- 
sented in the specimens found, from the young fluke in which the female 
organs have not yet begun to function actively, to such as show that 
system at its functional apex whereas the male organs have passed 
their prime and are already on the decline. Proparorchis becomes fully 
mature in the blood vessels of the host. 

I have endeavored as yet unsuccessfully to get for examination one 
of the specimens on which MacCallum's description is based. In the 
light of his description it appears to me necessary to accept his diagnosis 
as it stands, especially since his previous publications show great care 
in studying out similar parasites and accuracy in stating the results of 
such study. Unless the differences are to be explained away as errors 
in observation, they form an adequate basis for the differentiation of 
genera even tho these are closely related and should be included in a 
single subfamily. I have rewritten MacCallum's account in brief taxa- 
nomic form in order to facilitate the comparison of that species with 
the one I have just described. 

GENUS SPIRORCHIS G. A. MAC CALLUM 

Small species with smooth skin, body widest near center, tapering 
towards both ends. Anterior sucker small, protruding ; no acetabulum 
present. Esophagus with pharynx near the middle; crura conspicuous 
because of dark granular contents, extend to near posterior end, some- 
times coalescing there. Excretory pore near posterior end. Genital 
pore median, posterior to tips of intestinal crura. Vitellaria profuse, 
lateral, along entire length of intestinal crura; transverse yolk duct and 
median reservoir near posterior limits of yolk glands. Ovary lateral, 
oviduct long; one large egg measuring 100 by 50 /i,* with thick shell 
regularly present. Testes irregular, lobed, "in rough spiral column" 
occupying central region between intestinal crura and followed by large 



♦ MacCallutn says 5 to 10/*, an evident error. 
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conical seminal vesicle which tapers to cirrus ( ?). Connection of ducts 
and other organs not seen "on account of black intestines filling the 
posterior end of the worm." 

The genera Proparorchis and Spirorchis are evidently members of 
a new subfamily to which the name Proparorchiinae may be ^ven. 
The position of this sub-family deserves further consideration. Its 
nearest affiliations are to be found on the one hand in a fluke from sea 
turtles described by Looss and on the other hand in the human blood 
flukes, the Schistosomatidae. 

The first mentioned trematode from the vascular system is 
Hapalotrema constrictum (Leared), most recently studied by Looss 
(1902:519-). It is a common parasite of Thalassochelys corticuta, a 
sea turtle taken on the Egyptian coast. The eggs are very striking, 
being large and supplied with long polar processes coiled at the tip. 
They also occur within the tissues. While -these eggs are so conspicu- 
ously unlike those of the species described in this paper, yet they 
enclose an embryo said by Looss to resemble closely that of Schisto- 
soma, as also does the embryo of this species. In general appearance 
and structure, like Proparorchis, these worms are delicate, thin-skinned 
and only weakly provided with dermal musculature. In this respect 
they resemble also the human blood flukes (Schistosomatidae) most 
strikingly. 

In discussing the genus Hapalotrema, Looss (1899:656) comments 
on its striking similarity to the genus Schistosoma in the alimentary 
system, the structure of the suckers and the character of the skin. Yet 
in view of the marked dissimilarity in other respects, he concludes that 
the likeness is merely convergence due to the place and mode of life 
since both inhabit the blood stream and feed on the blood. The resem- 
blance to the species reported here is even more striking. The delicate 
body with scantily developed musculature, the peculiar esophagus, the 
short female genital canal, the formation and extrusion of eggs one by 
one, aind the well developed ciliated miracidium are all peculiar and 
characteristic features in which the two forms agree with each other 
and differ from almost all other known trematodes. While a few of 
these features are found in the Schistosomes, as noted above and that 
agreement might be explained as the result of convergence, yet a sim- 
ilar explanation is more difficult to apply to the longer series of struc- 
tural likenesses between Hapalotrema and Proparorchis. 

However, the differences between the two species deserve equal 
emphasis. First of all, some would list the fact that Hapalotrema is a 
true distome whereas Proparorchis is a monostome ; but to me this is a 
subsidiary feature since extended studies have led me to the full 
acceptance of the view presented forcibly by Odhner that the nriono- 
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stomes do not constitute a natural group but represent an assemblage of 
forms derived from different families of distomes by the reduction and 
ultimate disappearance of the acetabulum. They are thus alike pri- 
marily only in the superficial feature that all possess but a single, 
anterior sucker. The organ pattern, on the other hand, brings evidence 
of marked differences in type and indicates clearly relationship to 
different groups of distomes. Odhner would accordingly classify the 
monostomes with those distomes to which they are most clearly allied 
and abolish entirely the major subdivision of Monostomata. For 
evident practical reasons, such a radical proposal is not likely to be 
adopted until knowledge of the monostomes has been greatly extended. 

The oral sucker of Hapalotrema is described by Looss as flat, 
saucershaped, projecting above the general surface of the body and 
scantily developed in musculature. It appears thus, as if already in 
course of elimination, even, tho the process is only well begun and the 
interval that separates the species from Proparorchis is still great. 

There are, however, still other and much more significant differences 
between the two species. In Hapalotrema, according to Looss, the 
excretory bladder is short and branches just behind the posterior testis.* 
This does not seem to be the condition in Proparorchis as described 
above. The genital pore in Hapalotrema lies about in the center of 
body in the left rather than as in Proparorchis near the posterior end. 
The eggs are very dissimilar in general appearance, since those of 
Hapalotrema are provided with two long polar processes on the shell 
which are spirally twisted at the end. It may be noted that this differ- 
ence is of the same sort that exists between Schistosoma haematobium 
and 5. japonictmt, tho of course more extremely developed. The egg 
here has a cover and no such structure is shown for Looss' species. 

By far the most striking difference is one that affects the general 
appearance of the body very radically. At first glance Hapalotrema 
resembles a common type of distomes ; the transverse yolk duct, ovary, 
seminal vesicle and cirrus lie in the central area and other genitalia are 
grouped symmetrically about them. In Proparorchis the genital com- 
plex lies near the posterior end and the other genitalia lie almost 
entirely in front of it. A closer analysis shows that Hapalotrema is 
really of an unusual type morphologically; the two testes are frag- 
mented instead of simple, and one fills the central area anterior to the 
ovarian complex whereas the other testis occupies the corresponding 
posterior area. 

* Conditions in Proparorchis as described above permit of a close 
comparison with those in Hapalotrema if the postenor region in the 
latter be reduced by failure of the posterior testis to develop and coin- 



♦The text says in front of the posterior testis, but Looss* figure shows dis- 
tinctly the other relation. 
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ddent cessation of growth in the entire posterior half of the worm. 'As 
the result of this, the ovarian complex lies just in fr6nt of the posterior . 
end of the body. The structures in this complex and anterior to it 
correspond very closely to those in the same regions in Hapalotrema. 

Looss (1902) found in the blood vessels of sea turtles four types 
of eggs easily differentiated from those of Hapalotrema for which no 
adults were discovered despite the most careful search. These eggs, or 
at least two of the varieties, are much like those of Proparorchis. 

SYSTEMATIC POSITION 

In a most interesting and suggestive paper on the Phylogeny of the 
Bilharzia type, Odhner (1912) established a new family, Harmos- 
tomidae, to include the subfamily Harmostominae already worked out 
by Loois (1899:651-) for a series of genera he had studied, and a 
second new sub-family Liolopinae in which Odhner includes Liolope 
Cohn 1902, Helicotrema n.g., and Hapalotrema Looss 1899. The Har- 
mostomidae are placed close to the Schistosomes, which latter in the 
opinion of Odhner are "with absolute certainty" derived from the 
former. In my opinion the family Harmostomidae and the sub-family 
Liolopinae are both unnatural in one and the same particular: the 
inclusion of the genus Hapalotrema ; for this form necessitates a series 
of exceptions in the descriptions that really do violence to the mor- 
phological basis on which those sub-divisions are built. Hapalotrema 
is unlike all other species in those two groups in the presence of a long 
esophagus, in the absence of a pharynx, in the form of the ovary and 
testes, in the absence of a true uterus, and finally in the character of 
the excretory system which is a most fundamental feature. Hapalo- 
trema must be removed from Odhner's sub- family Liolopinae ; it forms 
with the Proparorchiinae naturally a new family which may be char- 
acterized as follows: 

FAMILY PRCPARORCHIIDAE 

Delicate blood inhabiting flukes, with slender, non-muscular body 
and one or two weak suckers. Testes lobed, multiple, anterior (and 
sometimes also posterior) to ovarian complex. Laurer's canal present. 
Ovary lobed ; no true uterus ; eggs large, thick-shelled, discharged singly. 

These forms are certainly related to the human blood flukes, Schis- 
tosomatidae, altho not so highly specialized for life in the circulatory 
system. Finally mention must be made of the peculiar blood-inhabiting 
fish parasites Aporocotyle and Sanguinicola which have been so thoroly 
studied and described by Odhner (1911.) These genera show evident 
morphological likeness to the forms discussed in this paper, and one is 
fully justified in associating relatively closely the families Aporoco- 
tylidae and Proparorchiidae. 
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Explanation of Plate 

c, cirrus ; e, egg ; gp, genital pore ; i, intestine ; Ic, Laurer's canal ; od, oviduct ; 
ov, ovary; rsu, receptaculum seminis uterinum; sv, seminal vesicle; /, testis; 
vi, vitellaria; yr, yolk reservoir. 

Fig. 1. — Proparorchls artericola. Toto mount viewed from ventral surface^ 
Extent of vitellaria shown by dotted line. X 40. 

Fig. 2. — Posterior end of same specimen. X 70. 

Fig. 3. — Reproductive organs ; reconstruction from sections. X 65. 

Fig. 4. — Organs near genital pore, showing cirrus partly extended, metra- 
term, and egg just being formed. X270. 

Fig. 5. — Frontal section of esophagus, bifurcation of crura and diverticulum. 
X170. 

Fig. 6. — Egg in cleavage from ducts of fluke shown in Figure 1. X210. 

Fig. 7. — Miracidium, viewed in profile, in egg shell from culture; x, eye spot 
in dorsal aspect. X 360. 

Fig. 8. — Empty egg shell, showing cap. X 360. 

Fig. 9. — Miracidium just out of shell; ciliary coating omitted. X 150. 
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A NEW AMPHIBIAN CESTOt)E * 
Lloyd B. Dickey 

Few cestodes have ever been described from amphibian hosts. 
Nemaiotaenia dispar (Goeze 1782) has been reported from Europe 
by Schmidt (1885), and by Fuhrmann (1895) ; and from America by 
Stiles and Hassall (1912; 277). Taenia pulchella Leidy 1851 was 
reported from America in Bufo americanus, at the time of its original 
description. Jewell (1916) described Cylindrotaenia americana from 
America in Acris grylHs, Rana pipiens, Rana virescens, and Bufo 
lentiginosus. These three species, together with two Proteocephalids, 
Ophiotaenia hylae from Australia, and O. schnitzel from Africa 
(Johnston, 1912), constitute the species so far described from frogs 
and toads. Johnston (1916:194) reports the presence of a new 
species of Nematotaenia in Australia, which has not yet been de- 
scribed. Larval stages of Sparganum have been known to occur in 
European frogs, but nothing is known of the larval stages of any of 
the adult cestodes thus far reported in Anurans. 

Jewell (1916) has pointed out the discrepancies of Schmidt's 
description of Nematotaenia dispar (Schmidt 1855) as compared with 
the recognized, original form first described by Goeze (1782), and 
later by Fuhrmann (1895). It is probable that Schmidt's material 
was not Nematotaenia dispar, since he describes the worm as having 
a neck, with the greatest diameter at the posterior end, and an oval 
cirrus sac about twice as long as it is broad. Fuhrmann's description 
includes a worm devoid of a neck, the greatest diameter of the stro- 
bila being at the anterior end, with the cirrus sac about ten times as 
long as broad. 

Luhe (1899:526) proposed the genus Nematotaenia, to contain 
Taenia dispar Goeze. His first characterization of the new genus, 
however, appears in ^ later paper (Liihe 1910), as follows: "Taenien 
mit unbewaflFnetem Scolex, ohne Rostellem, mit drehrundem Korper, 
der in seinem vorderen Abschnitt etwas dicker ist und nach hinten 
allmahlich dunner und schliesslich fadenformig wird. Gliederung nur 
am Hinterende ausgesprochen, wo sich die reifen Proglottiden, die 
wesentlich langer als breit sind, einzeln ablosen, um dann lebhaft be- 
weglich noch langere Zeit weiterzuleben. Gesclechtsoffnungen rand- 
standig, unregelmassig abwechselnd. Hoden in der Zweizahl, dorsal 
und annahemd symmetrisch. Dotterstock fast genau in der Achse 



* Contributions from the Zoological Laboratory of the University of Illi- 
nois No. 177. 
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des Korpers; Keimstock ventral, der Genitaloffnung wenig genahert. 
Geschlechtswege dorsal von Wassergefassen und Markstratigen. 
Uterus fruhzeitig in einzelne Eikapseln zerfallend, welche je 2-4 
(meist 3) Eier enthalten. Eier mit 3 Hullen. Finnenstadium unbe- 
kannt. 

**Im Daim von Amphibien. Bisher nur eine Art bekannt." 
Jewell (1916:191) gives the following diagnosis for Cylindro- 
taenia: "Scolex unarmed, without rostellum; reproductive organs 
single in each proglottid; pores lateral, alternating; vagina and cirrus 
dorsal to the excretory canals and main nerve trunk ; testis one, dorsal ; 
ovary and vitellaria ventral. Uterus breaks up into capsules surround- 
ing the embryos which ultimately pass into two parauterine capsules." 
Cylindrota^nia americana "from the small intestine of various Anura" 
is designated as the type. 

MORPHOLOGY OF THE NEW FORM 

The present study is based upon material collected at Oxford, 
Georgia, in July 1916, from two host specimens of Bufo lentiginosus. 
Of the adult specimens, two bore ripe proglottids, and each measured* 
about 100 mm. in length. Eleven young worms, which varied in 
length from 3.5 to 5 mm., were collected from a single host. 

The worm is cylindrical in form anteriorly. In the region of the 
strobila where the reproductive organs attain the maximum of de- 
velopment, the segments are oval in cross-section, being compressed 
laterally (Fig. 1). In a typical specimen, the cross-section is circular 
in outline at a distance 6 mm. from the tip of the scolex, is oval 
at a distance of 13 mm., and the circular form is again assumed at a 
distance of 40 mm., in the region where the eggs have passed into 
the parauterine capsules and the uterus has broken up. 

No external segmentation is apparent in the anterior region of the 
worm. It occurs rather distinctly from 48 to 60 mm. from the scolex. 
Here the segments begin to elongate and measure 0.24 mm. in length, 
and 0.39 mm. in diameter. The last few proglottids of the strobila 
measure 0.58 to 0.66 mm. in length and 0.18 to 0.24 mm. in diameter. 

The scolex is unarmed, spherical, and broader than the neck. In 
adult specimens it measures 0.52 to 0.62 mm. in diameter. The neck 
averages 0.48 mm. in width. In young worms the diameter of the 
scolex is 0.26 to 0.33 mm. The suckers are situated near the tip of 
the scolex. They are unarmed, and have a diameter in the adult 
forms of from 0.093 to 0.14 mm. The diameter of the suckers in 
the young worms is from 0.085 to 0.09 mm. The lumen is directed 
anteriad and slightly laterad. The scolex is circular in cross-section, 
except through the region of the suckers, where it is slightly oval. 
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Two shallow grooves, extending from the tip of the scolex to the 
base of the suckers, occur on opposite sides of the scolex. 

From the material at hand it appears that the cuticula is com- 
posed of two layers of equal thidcness. The outer layer stains more 
heavily. The cuticula is 4 to 5ft in thickness and is supported by a 
delicate basement membrane. The subcuticula consists of cells 32ft 
long and 4fi in diameter. The nuclei are large and stain less heavily 
than the rest of the cells. 

The well developed longitudinal muscles are arranged in a single 
layer. They separate the parenchyma into a cortical and a medullary 
area. The latter averages about 0.296 mm. in dorso-ventral diameter 
and about 0.222 mm. in lateral diameter in the region where the repro- 
ductive organs attain their maximum development. The longitudinal 
strands occur at approximately 0.083 mm. from the cuticula. About 
five or six small strands go to make up a large bundle. Between 
fifty and sixty of these bundles occur at more or less regular intervals. 
Many of them extend from one segment to another. Between sub- 
cuticula and cuticula the longitudinal fibers of the subcuticular muscles 
can barely be discerned. No trace of dorso-ventral muscles was 
found. The muscle strands of the longitudinal system are large and 
numerous, and are massed together at the tip of the scolex. There 
are also transverse muscles running concentric to the basement mem- 
brane of the suckers. 

The ventral excretory canals are about 32fi in diameter. They 
pass lateral to the ovary about SOjft from the nearest longitudinal 
muscle strands. Commissures of the ventral excretory canals may be 
seen in the region where the reproductive organs first differentiate 
from the medullary parenchyma. These have a diameter of about 
3ft. The dorsal excretory canals are very small, and are seldom 
discernible. They appear most prominently in the region where the 
testes first become differentiated and here they often have a diameter 
of 8fi. In the region of the scolex, they sometimes anastomose with 
the other excretory canals. The excretory system is continuous from 
one proglottid to another throughout the strobila. In the ripe pro- 
glottids the ventral canals present undulations, due to their position 
exterior to the developing parauterine capsules. 

The two main lateral nerve trunks run parallel to and midway be- 
tween the dorsal and ventral excretory vessels. 

The genital rudiments are first seen at about 2 to 3 mm. from the 
tip of the scolex. They appear here merely as a dark streak running 
through the center of the proglottids. The testes are the first organs 
to become differentiated from the parenchyma. The ovary arises 
next, and the vitelline gland forms dorsad of the latter immediately 
afterwards. The testes are distinguishable 3 to 4 mm. from the sco- 
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lex. No external segmentation is apparent at this point. The internal 
or genital segmentation can be distinguished, however, the segments 
being 0.04 to 0.05 mm. long. All of the reproductive system, except 
the cirrus sac and vagina, is accommodated within the medullary paren- 
chyma (Fig. 1). The genital pores are lateral and marginal, and 
alternate irregularly. The cirrus sac and vagina open into the genital 
atrium dorsal to the excretory canals and main nerve trunk. 

The male organs are situated dorsally in the proglottid. The 
testes, two in number, are about 67/ut in diameter at their greatest de- 
velopment. They are lenticular in shape and circular in cross-section, 
th^ antero-posterior thickness averaging 40fi. This compression in 
the antero-posterior direction may be due to the contraction of the 
worm when killed, and the organs are probably spherical in shape 
in the live worm. A thin membrane surrounds each testis and is con- 
tinuous with the walls of the vas deferens. The vasa efferentia, one 
from each testis, meet to form the vas deferens, near the testis on 
the poral side of the proglottid. After forming one or two short 
loops during its course, it passes into the cirrus sac (Fig. 1). The 
cirrus proper is surrounded by parenchymatous tissue composed of 
small cells with spherical nuclei. The cirrus pouch is flask shaped and 
is about one and a half times as long as it is broad. The length 
averages 48ft, and the diameter 31/*. 

The ovary is a spherical organ^ lying in the ventral half of the 
medullary region and slightly to the poral side of the proglottid. The 
diameter averages 67fi. Numerous spherical cells, each enclosed 
in a capsule, make up the organ. The capsules average 12/i in diam- 
eter. The vitelline gland, also spherical in shape, lies dorso-lateral 
to the ovary but ventral to the genital pore. Its diameter averages 
35ft. The vitelline duct is directed laterad and meets the oviduct, 
which extends laterally and dorsally. The oviduct is continuous with 
the vagina, which in turn leads ventral to the cirrus pouch, running 
adjacent to it from the inner end of the latter. 

The beginning of the uterus can be distinguished in proglottids 12 
to 14 mm. from the scolex. The uterus is horseshoe shaped in appear- 
ance (Fig. 2). It arises from the medullary parenchyma and soon 
almost completely surrounds the vitelline gland. The ovary and testes 
break down at the same time, the ovary disappearing before the testes. 
At the maximum development of the uterus, about 18 to 20 mm. 
from the tips of the scolex, the eggs are 16ft in diameter. They are 
in the early stages of cleavage. The internal segments at this place 
are about 0.1 1 mm. long. The uterus breaks down early, about 22 
to 24 mm. behind the scolex, and is replaced by the parauterine organs. 

The parauterine organs arise from the parenchyma adjacent to 
the uterus. The strands of the meshwork of which they are com- 
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posed soon arrange themselves parallel to the uterus on the anterior 
side of the proglottid. The whole structure from this stage on grows 
very rapidly. The tissue migrates inwards, replacing the uterus by 
capsules, and surrounding the egg at the same time (Figs. 5, 6). The 
capsules are early seen to have well defined walls. All trace of the 
ovary disappears, but the remnants of the testes apparently persist as 
long as any trace of the uterus itself can be found. 

From eight to twelve truncated or flask-shaped cones appear, ar- 
ranged in two parallel rows (Figs. 3, 4), one row dorsal, the other 
ventral. There iare from four to six capsules in each row, their usual 
number being five. A sort of raphe, which is composed of numerous, 
small, spherical and thickly massed cells, staining a dark gray with 
hematoxylin, separates the capsules of the two rows as they come 
together in the center of the proglottid. The basal portion of the 
capsules is in the posterior portion of the proglottid and the longi- 
tudinal axes of the cones correspond to the longitudinal axis of the 
worm. A meshwork of fine fibers together with a fine granular 
tissue adjoins the capsules in the basal portion. The apex, capped in 
each instance by the darkly-stained cell-gland secretion, is situated in 
the anterior portion of the proglottid. The minute cells, from which 
the secretion is emitted, are easily distinguished at the most anterior 
end of the apparatus. The length of the cones increases as the 
proglottids become elongated. At the time the cones attain their 
greatest length, a distance of 60 to 70 mm. from the head, they measure 
approximately 0.11 mm. in length. The width of the base of a cone 
averages 0.06 mm. in lateral diameter, and 0.09 mm. in dorso-ventral 
diameter. The capped secretion averages 0.3 mm. in width and 0.07 
mm. dorso-ventrally. 

The eggs, occupying the basal portion of a cone, are three to six, 
usually four, in each capsule. They are oval, averaging 43/ut in 
length, and 31 fi in diameter. The embryos are still in the spherical 
stage, and average 19fi in diameter. The eggs have a shell about 3ft 
in thickness. Only a single thin membrane could be distinguished 
surrounding the embryo. 

As the proglottid elongates the cones change in position and shape 
(Fig. 7). By the time the proglottids have become detached, the 
cones have become more spherical, especially in the apical portions, 
which now appear larger than the basal regions. This growth takes 
place at the expense of the surrounding parenchyma, the latter fur- 
nishing the nourishment necessary for the growth of the capsule. 
The fact that the parenchyma is much less dense at this stage than 
in earlier stages is easily seen in cross-sections of the proglottids. 
Some' of the eggs migrate from the base of the cone into the apex. 
The bases of the cones remain clustered together, while the apical 
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portions spread apart from each other irregularly in all directions. 
This is caused by the total disappearance of the raphe composed of 
the numerous small, spherical cells, which heretofore held the cap- 
sules together in the two parallel rows. The capped secretion spreads 
out over the apex of each capsule. Portions of the fibrous and granu- 
lar tissue at the bases of the cones may become broken off and migrate 
into the parenchyma. This arrangement may be distinctly seen in 
detached proglottids. 

Since the living parasites were not obtained nothing is known of 
their further development. 

COMPARISON OF FORMS 

The form under consideration bears striking resemblances to Nema- 
totaenia dispar (Goeze 1782). It is similar in external form and in 
the limitation of marked segmentation to the posterior end. The 
reproductive organs are similar in shape and position. There are 
two testes, and the ovary, vitellaria, and uterus are single in both 
cases. A difference occurs in the shape of the cirrus pouch. In 
Nematotaema this is tubular, and about ten times as long as broad, 
while in the present form the cirrus pouch is flask-shaped, and about 
one and a half times as long as it is broad. The uterus in both forms 
is horseshoe-shaped, and breaks down early. The most marked differ- 
ences between the two forms lie in the development, position, and 
number of the parauterine organs. In Nfematotaenia there are de- 
veloped a varying number of small parauterine organs. Ripe pro- 
glottids show from thirteen to thirty capsules, scattered irregularly 
throughout the parenchyma. In the new form, the number of 
parauterine organs is limited, the mature proglottids showing eight to 
twelve capsules, arranged in the two parallel rows. 

The only description extant of Taenia pulchella Leidy 1851, is 
much too meager to permit of a satisfactory comparison with other 
forms. Jt has general similarities with the form under consideration, 
such as its occurrence in the same host genus and its external appear- 
ance. 

Certain marked similarities occur between the new species and 
Cylindrotaenia americana Jewell 1916. In Cylindrotaenia the cylin- 
drical form also occurs, and the segmentation of the strobila is evi- 
dent at the posterior end only. The musculature of the two species is 
very similar. While in both forms the male reproductive organs are 
limited and definite in number, in Cylindrotaenia there is only one, 
and in the new form two, testes. In the former the vas deferens leads 
straight to the cirrus, while in the new worm there are various undula- 
tions. The female reproductive organs are very similar. 



Digitized by 



Goo^^ 



DICKEY—NEW AMPHIBIAN CESTODE 135 

Again, the most marked difference between the two species occurs 
in the number and position of the parauterine capsules. In Cylindro- 
taenia two truncated cones appear, one dorsal and one ventral, the 
parauterine capsules being thus definitely limited. In the form here 
described, the capsules are also limited, although not as definitely, and 
they are more numerous than in Cylindrotaenia, being eight to twelve 
in number, with the regular arrangement previously noted. 

• SYSTEMATIC POSITION 

In the Revision of the Cyclophyllidea (Liihe 1910) a new family, 
Nematotaeniidae, has been created for the reception of Nematotaenia 
dispar. This classification does not take into consideration certain 
essential characters of development and morphology, which relate it 
more closely to other forms. 

Fuhrmann (1908:29) and Ransom (1909:88) have placed Nema- 
totaenia in the subfamily Paruterininae, with six other genera : Paru- 
terina Fuhrmann, 1916; Culcitella Fuhrmann, 1916; Rhabdometra 
Kholodkovski, 1900; and Biuterina Fuhrmann, 1902. Following is 
Ransom's diagnosis of the subfamily (Ransom, 1909:85): "Hy- 
menolepididae ; scolex usually armed, rarely without rostellum. A 
single set of reproductive organs in each segment. Uterus simple or 
double with a single parauterine organ or multiple with several para- 
uterine organs, into which the eggs pass in the final stage of develop- 
ment of the segment. Adults in birds and amphibia." Paruterina 
Fuhrmann, 1906, is designated as the type genus. 

Nematotaenia differs greatly from the other six genera included 
in this subfamily. This is evidenced by its cylindrical form, its two 
testes, as compared with the numerous and indefinite number in the 
other genera, the early degeneration of the uterus and its numerous 
parauterine capsules. 

Jewell (1916), after describing Cylindrotaenia, creates a new sub- 
family for its reception, and includes Nematotaenia. This new sub- 
family is characterized as follows: "Cylindrotaenianae : Cylindrical 
Dilepinidae having one or two dorsally placed testes, ovary and vitel- 
laria ventral, vitellaria dorsal to ovary. Proglottids distinct at the 
posterior end only. The uterus breaks down early and the embryos 
are later enclosed in parauterine capsules." The same writer con- 
siders Taenia pulchella Leidy as probably belonging to this subfamily. 

It is evident from the previous description of the new form, that 
it belongs in this subfamily. However, because of the great differences 
in the number and arrangement of the parauterine capsules, it cannot 
be placed in either the genus Nematotaenia or the genus Cylindrotae- 
nia. The definite, regular arrangement of the capsules in two parallel 
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rows would make it generically distinct. It is therefore necessary to 
create a new genus for the reception of this form, the diagnosis of 
which would read as follows: Distoichomeira : Scolex unarmed, 
without rostellum. Body generally circular in cross-section, or nearly 
so. Genital pores alternating irregularly. Teste > two in number, 
dorsal. Cirrus pouch approximately one and one-half times as long as 
broad. Ovary ventral. Uterus horseshoe-shaped, breaking up early 
into two parallel rows of egg-capsules, 4 to 6 in a row. Capsules 
hold 3 to 6 eggs each. After breaking up of uterus, capsules remain 
clustered together and do not become scattered throughout the paren- 
chyma. 

Type species Distoichomeira bufonis, gen. nov., sp. nov., with 
characters of the genus ; adult from the intestine of Bufo lentiginosus. 

The writer wishes to express his thanks to Professor Henry B. 
Ward, under whose supervision the work was done, for his helpful 
criticisms and suggestions. 
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PLATE XIII 

Explanation of Plate 

a. Apical and b, Basal portion of parauterine organ ; c. Cirrus pouch ; e. 
Eggs in parauterine organ ; ed. Dorsal excretory canal ; cv. Ventral excretory 
canal; m, Longitudinal muscle; n. Longitudinal nerve; o, Ovary; od, Oviduct; 
r, Raphe; s. Gland-cell secretion; sp, Septum between proglottides; /, Testis; 
u. Uterus; v, vagina; vi. Vitelline gland. 

Fig. \. — Cross-section of mature proglottid, X 145. 

Fig. 2.— Later stage than fig. 1, X 145. 

Fig. 3. — Dorsal view of ripening proglottid with parauterine capsules. Toto 
mount. 

Fig. 4. — Lateral view of slightly earlier stage than figure 3. Toto mount. 

Fig. 5. — Cross-section through apical portion of parauterine organs. X 65. 

Fig. 6. — Cross-section through basal portion of parauterine organs. X 65. 

Fig. 7. — Ripe, detached proglottid. Toto mount. 
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MICROSPORIDIA PARASITIC IN COPEPODS ♦ 

R. Kudo 

While working on Cnidosporidia of various aquatic animals at 
Spring Valley, New York, during the summer of 1920, my attention 
was called to microsporidian infections in Cyclops albidus and Cyclops 
fuscus. Notwithstanding the fact that an enormous number of papers 
dealing with the occurrence, taxonomy and biology of several species 
of copepods have been published, it is strange to find but a few brief 
notes recording the occurrence of microsporidia-like parasites in the 
animals under consideration. Aside from one brief paper by Schroder 
(1914), all the others, which will be reviewed later, were published 
in Europe between 1887 and 1895 and the microsporidian nature of 
the forms described, is open to question. I have failed to find any 
record from any other land than Europe. In view of the circum- 
stances, it seems worth while to describe the microsporidia which have 
come under my observation, and to review the old European records. 

Although six species, i. e., Cyclops albidus, C. fuscus, C. ater, 
C. phaleratus, C. prasinus and C. serrulatus, were examined, only the 
first two species were found to be infected by the microsporidian 
parasites. In each collection, the number of individuals of Cyclops 
albidus predominated over the other five species. The absence of the 
infected animals in the latter four species may be due to the small 
number of individuals examined, and not to the specific difference in 
the host. It seemed to me that there could not be any special factor 
or factors that might have caused the infection to occur among the 
first two host species. 

Before the examination for the microsporidian parasites, each host 
animal was placed on a slide, and identified by means of Marsh's key 
(1918). The animal was then slightly pressed under a cover glass, and 
examined microscopically in either fresh and stained smears or section 
preparations. The methods of fixation and staining, and also of the 
extrusion of the polar filament were exactly same to those which I 
have used in my previous studies (Kudo, 1920, 1920a). 

Nosema cyclopis nov. spec. 

Habitat: In the fat bodies and reproductive organs (?) of Cyclops 
fuscus. Spring Valley, New York (August). 

Two, one male and the other female, out of twenty-two individuals 
collected from a creek on August 20, were found to harbor the Micro- 



* Contributions from the Zoological Laboratory of the University of Illinois, 
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sporidian. Six fixed specimens from Conger's Lake and twenty-four 
from the outlet of the latter were free from the infection. 

The two infected animals were strikingly whitish opaque in color 
compared with the normal ones. The host did not suffer any decrease 
of the activity. This is probably due to the fact that the parasites do 
not attack the muscle cells. Concerning the effect of the parasitism 
upon the host body, I cannot make any definite statement as the num- 
ber of the infected animals were small and they were not kept alive for 
any length of time under observation. However, there seems to be 
little doubt as to the fatal outcome of the infection. 

The spores are pyriform (Figs. 1 to 7). The anterior end is 
rounded at its tip, while the posterior margin is broadly rounded. The 
spore membrane is very thin. The spore is less refractive than that 
of any species which I have studied up to the present. In cross- 
section, the spore is circular (Fig. 4). The broadest portion of the 
spore is located near the posterior extremity. The shape and size are 
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Figs. 1 to 7, Spores of Nosetna cyclopis nov. spec. 1 to 3, fresh spores. 
4, an optical cross-section. 5, a spore stained with Giemsa's stain. 6, a spore 
stained with Heidenhain's iron hematoxylin. 7, a spore mechanically compressed 
and stained with Gierasa's stain, the greater part of the polar filament is not 
shown. X about 2350. 

constant. In the fresh state, there is always seen an oval clear space 
at the posterior end of the spore (Figs. 1 to 3). The rest of the cavity 
of the spore is filled with finely granulated cytoplasm. When stained 
(Figs. 5 and 6), there appear two deeply stained masses in the spore, 
a sporoplasm which looked as a clear space in the fresh spore and the 
coiled polar filament as was the case in Thelohania magna (Kudo, 1920) 
or Nosetna apis (Kudo, 1920a). The polar capsule could be detected 
in some spores where the polar filament was extruded (Fig. 7). The 
polar filament seemed to be coiled up in a way similar to Thelohania 
magna. The doubly coiled condition which was recognized in Nosema 
apis, was not observed. Fresh spores measure 4.2 to 4.7/i long by 2.7 
to 3/i. The length of polar filaments extruded under the influence of 
mechanical pressure, fixed with sublimate alcohol and stained with 
Giemsa's stain, varies from 75 to lOOfi. 

Nosema infirmum nov. spec. 
Habitat: In the fat body, reproductive organs and muscle of 
Cyclops albidus. New City pond and the outlet of Conger's Lake 
(August and September). 
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This species was noticed in one out of twelve host specimens 
obtained from New City pond on August 29, and in twenty-one out of 
153 collected in the outlet of Conger's Lake on September 6. The 
animals collected in the same creek from which Cyclops fuscus infected 
by Nosema cyclopis were obtained, proved to be free from the infec- 
tion. The infected animals were as strikingly whitish opaque in color 
as in the case already mentioned. However, they showed a marked 
decrease in activity compared with normal ones. While the apparently 
uninfected individuals were hard to capture with a pipette, the infected 
animals were easily caught by the same means. 

The effect of the Microsporidian upon the host body in this case 
seems to be fatal. In the collection from the latter locality, I found 
fifteen dead animals completely filled with the spores and extremely 
whitish opaque in appearance, which condition made such animals cpn- 
spicuously visible against the brownish bottom soil of the aquarium 
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Figs. 8 to 17. Spores of Nosenia infirmum nov. spec. 8 to 11, fresh spores. 
12, an optical ci-oss-section of a fresh spore. 13 and 14, young spores, stained 
with Giemsa's stain. 15, spore stained with Heidenhain's iron hematoxylin. 
16, a spore stained with Giemsa's stain. 17, a spore mechanically compressed 
and stained with Giemsa's stain, the greater part of the polar filament is not 
shown. X about 2350. 

in which they were kept. As no Observations were carried out, due 
to the lack of time at that time, on the infected animals kept in the 
aquarium for any length of time, it is hard to determine the cause of 
the death of these Cyclops albidus. I am, however, led to consider 
that the Microsporidian infection was more or less directly responsible 
for the death of the host animals. 

The spores are pyriform (Figs. 8 to 17). J.he anterior end is 
rounded at the tip. The posterior extremity is either more pointed 
or rounded than the anterior. The shape of the spore is however 
distinctly different from that of the species just described. The spore 
membrane is thin, but is slightly thicker than that of Nosema cyclopis. 
In cross-section, the spore is circular (Fig. 12). The broadest part 
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passes through the middle of the long axis of the spore. The size and 
shape vary to a certain extent. In the fresh state, there is seen a clear 
space which is either oval or irregularly triangular in form, at or near 
the posterior extremity of the spore (Figs. 8 to 11). The rest of the 
contents of the spore appear finely granulated. When stained, the 
cytoplasm is seen to be located at the posterior end where a clear space 
was noticed in the fresh state. The polar filament is more distinctly 
visible even in unextruded condition than the former species (Figs. 15 
and 16). The fresh spores measure 5.6 to 6.4/i long by 3/i broad. 
The length of the polar filament, as determined in the same way men- 
tioned in the first species, varies from 90 to 115/i. 

Observations upon the schizogony and sporogony are insufficient 
and I cannot give satisfactory full accounts of the changes that take 
place. As far as the observation up to the present date, is concerned, 
the vegetative forms of the two species, the schizonts as well as spor- 
onts, can not be distinguished from each other unless spores are found 
with them, in which case, the distinction between the two species is 
comparatively easily done. 

The youngest schizonts are rounded bodies, each with a single 
deeply stained chromatic mass. Th^ body increases in size as the 
nucleus multiplies repeatedly, forming spherical, oblong or elongated 
bodies with 2, 3, 4, 5 or 6 nuclei. The ultimate products seem to be 
uninucleate rounded sporonts. Each sporont develops into a single 
spore which characterizes the genus Nosema. The development seems 
to be much diflFerent from Thelohama magna or Thelohania illinoisensis, 
but similar to that of Nosema bombycis (Kudo, 1916) or Nosema 
baetis (see my account). 

The difference in the form, appearance and size of the spores of 
the two species, leads me to record them as two distinctly different 
species. 

An examination of previous records shows that in every case the 
absolute proof of the microsporidian nature of the parasites, which is, 
above all, the presence of a polar filament in each spore, is lacking. 
Strictly speaking, therefore, one can not say whether any Micro- 
sporidia were previously found in copepods or not, without reexamin- 
ing the preparations if such can be obtained. 

The nature of ^Tilzsporen" found and mentioned by Claus ( 1863 : 
87) in the body cAvity of Cyclops species, remains undetermined, 
although he seemed to have seen bodies similar to the spores of 
Nosema bombycis, 

Moniez (1887) described briefly the following three species, two 
of which were later studied by Pfeiffer (1895) and the other by 
Schroder (1914). 
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Nosema ( ?) parva Moniez 

1887, Nosema parva, Moniez, 1887: 1313. 

1895, Glugea leydigii, Pfeiffer, 1895 : 83, 86. 

Habitat : Cyclops spp. at Lille and Weimar. 

Pfeiffer states that the species invades the fat bodies and repro- 
ductive organs. 

Vegetative form : Moniez simply states that the sporogenic masses 
are relatively voluminous. Pfeiffer describes "cysts" with spores are 
rounded or elongated. The "cyst" with macrospores is about half the 
size of that with microspores. 

Spore; After Moniez: oval, with a clear space regularly at one 
end. Size 3.5/1 by 2/di. After Pfeiffer: pyriform, with a clear spot at 
rounded end. Size 8/* by 5/a. 

Remarks : The identity of the two forms is very doubtful because 
of the unusual difference in size of spores. The description is so 
brief and incomplete that one cannot place the species definitely to 
any genus. The original nomenclature is retained. 

s Thelohania acuta (Moniez) 

1887, Microsporidium acuta, Moniez, 1887: 1314. 

1914, Thelohania acuta, Schroder, 1914:324-327. 

Habitat : Cyclops gigas and Daphnia pulex at Lille and in Germany. 

Schroder states that the infection was chiefly noticed in the fat 
bodies. 

Vegetative form: Not described. 

Spore: After Moniez: The spore terminates in a sharp point, 
and measures S/i long by 2ft broad. After Schroder (on fixed speci- 
mens) : Elongated pyriform; one end terminates in a blunt point, 
while the other is rounded. Circular in cross-section. A pyriform 
polar capsule not longer than the half of the spore, is seen at the 
anterior half. The rest of the spore is filled with cytoplasm which 
contains a spherical vacuole at the posterior end. The polar filament 
could not be extruded. Size same to that measured by Moniez. 

Thelohania virgula (Moniez) 

1887, Nosefna virgula, Moniez, 1887: 1313. 

1895, Glugea virgula, Pfeiffer, 1895 : 86. 

Habitat : Cyclops spp. at Lille and Weimar. 

Vegetative form : Moniez states simply that the sporogenic masses 
reach 30/1 by 20/*. 

Spore: After Moniez: pyriform, one end rounded, the other 
sharply pointed. Anterior part is often bent to one side. A large 
vacuole at the rounded end. Size 8/i by 3/*. After Pfeiffer: spores 
(eight in his figure) are always arranged in a stellate form. Size 
8/1 by 5/1. 
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Remarks: The identity of these two forms is again doubtful. 
Pfeiffer's figure suggests that the species, if it is a Microsporidian, 
may belong to the genus Thelohania. It is provisionally placed there. 

A parasite seems to have been observed by Schmeil (1891), 
Schewiakoff (1893) and Pfeiffer (1895). 

Glugea schm^ili Pfeiffer 

1891, Myxosporidia, Schmeil, 1891: 19-21. 

1893, Myxosporidia, Schewiakoff, 1893:15-25. 

1895, Glugea schmeilii, Pfeiffer, 1895 : 84-86. 

Habitat : Cyclops sp., Diaptomus coeruleus and D. salinus at Halle 
and Weimar. 

Schewiakoff states that the species forms conspicuous masses in 
the body cavity and the spores are found "on" the muscle. Both 
Schmeil and Schewiakoff remarked on the opacity of the body of the 
infected animals. 

Vegetative form: Schewiakoff studied the continuous changes in 
living animals using apochromatic objective 4 mm., and states as fol- 
lows : The amoeboid forms are found in the body cavity of the host. 
They are uninucleate. The cytoplasm is finely granulated, and forms 
hyaline lobose pseudopodia from any part of the surface. A nucleus 
and a contractile vacuole are present. Size varies from 7 to 20/1 long 
by 3 to 6/4 broad. They creep around on the epithelial and muscle 
cells. They become encysted. Plasmotomy of two or three individuals 
was frequently noticed. In the cyst, the nucleus or nuclei divides into 
a large, number. Each daughter nucleus becomes the center of a spore. 

Spore: After Schewiakoff: oval, measuring 3.2 to 4/* in length. 
At the broader end, a homogeneous, spherical (1.6/i in diameter) and 
refractive nucleus is located. Each **spore" further divides into two, 
the nucleus undergoing mitosis (number of chromosomes eight). 

Remarks : It is highly doubtful if the amoebula with a contractile 
vacuole, mentioned by Schewiakoff, is a stage. in the life cycle of the 
present paratite. Assuming that this is a Microsporidian, then it 
should be placed in the genus Glugea, as Pfeiffer did. 

The following two more species described by Fritsch (1895) who 
thought them to be Microsporidia, and placed them in the genus 
Glugea, are much more doubtful forms than the preceding species. 

Glugea colorata Fritsch 
1895, Glugea colorata, Fritsch, 1895:80-81. 

Habitat: Diaptomus gracilis in Austria. The parasite formed 
masses of olive green or burnt sienna in color. 
"Cyst" contained only 5 or 6 spores. 
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Glugea rosea Fritsch 

1895, Glugea rosea, Fritsch, 1895 : 81. • 

Habitat: Cyclops strenuus in Austria (June). One host animal 
rose-colored was observed. 

Spore: Two kinds: one, smaller, oval with a somewhat pointed 
end and yellowish in color; the other, larger and elongated pyriform 
with or without vacuole. 

Compared with these six ambiguous species of Microsporidia (?), 
the two American forms described differ greatly. Hence I have 
desi^ated them by new specific names. On obtaining more material, 
I shall try to work out the life history of the Microsporidia. 

SUMMARY 

1. Two new Microsporidia, Nosema cyclopis nov. spec, parasitic 
in Cyclops fuscus, and Nosema infirmum nov., parasitic in Cyclops 
albidus, are described. 

2. The effect of the infection of Nosema infirmum upon its host 
body, seems to be fatal. 

3. The former papers which recorded the occurrence of Micro- 
sporodia-like parasites in copepods, are reviewed. 
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EFFECTS OF SECRETIONS OF CERTAIN PARASITIC 
NEMATODES ON COAGULATION OF BLOOD.* 

Benjamin Schwartz ^ 

Zoological Division, Bureau of Animal Industry, U. S. Department 

of Agriculture 

INTRODUCTION 

The fact that certain parasitic nematodes, especially some members 
of the family Strongylidae, a group that includes the hookworms, have 
the power of lacerating the intestinal mucosa, places these parasites 
in the category of serious pathogenic agents. In considering the ques- 
tion of their pathogenicity, in addition to the damage done by the 
abstraction of blood and by the mechanical injury to the mucosa of the 
intestine, caused by their bites, including the entrance of bacteria, it 
is important to consider the possible effects of the secretions of the 
worms on the intact as well as on the injured intestinal mucosa and 
the general effects on the host of the absorption of these secretions 
into the circulation. Among the toxic products elaborated by these 
nematodes substances that retard coagulation of blood have been found 
in certain species. That these substances are responsible for the 
persistent oozing of blood from wounds inflicted by hookworms and 
related nematodes, appears probable. 

A record and discussion of the writer's experiments on effects of 
extracts of certain nematodes on coagulation of blood is given in the 
following pages. No attempt has been made to correlate the results 
of these experiments with theories of blood coagulation. 

REVIEW OF LfTERATURE 

That the secretions of certain nematodes have the power of retard- 
ing coagulation of blood in vitro was first shown by Loeb and Smith 
in 1904. These investigators found that extracts of Ancylostoma 
caninum in physiological salt solution inhibit the coagulation of dogs' 
blood in vitro for periods Which vary with different samples of blood, 
the maximum period of delay in coagulation observed by these writers 
being about twenty-four hours. Loeb and Smith found, moreover, that 
the substance involved in this process is present in the anterior half of 
the worms and is completely absent in the posterior half. The sub- 
stance was found by these writers to be highly resistant to heat since 



1. This paper was read before the Helminthological Society of Washington, 
on November 20, 1920, at the School of Hygiene and Public Health of Johns 
Hopkins University, Baltimore. Md. 

2. Resigned, December 15, 1920. 
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fifteen minutes' boiling merely weakened but did not destroy its 
power to inhibit coagulation of blood. 

Although the work and conclusions of Loeb and Smith are ques- 
tioned by Liefmann (1905), experimental work by Loeb (1906) and 
Loeb and Fleisher (1910) showed quite conclusively the presence in 
the anterior portion of the body of Ancylostoma caninum of a sub- 
stance that retards coagulation of dogs* blood, and confirmed the 
conclusions of the earlier work of Loeb and Smith. 

Weinberg (1907) in the course of his investigations on eflFects of 
extracts of horse strongyles, belonging to the genus Strongylus, on the 
blood of the horse, found that physiological salt solution extracts of 
triturated specimens of these worms inhibited coagulation of horses' 
blood, since mixtures of the freshly drawn blood and extracts in ques- 
tion were still uncoagulated after four days. 

Aside from the experimental Work with extracts of worms belong- 
ing to the genera Ancylostoma and Strongylus, there appears to exist 
some evidence in favor of the view that the fluid which occurs in the 
body cavity of worms belonging to the genus Ascaris has the power 
of inhibiting to a certain extent coagulation of blood in vitro. Leroy 
(1910), experimenting with dogs, and Weil and Boye (1910), experi- 
menting with rabbits, found that the blood of animals which had been 
injected with the body fluid of ascarids coagulated more slowly than 
the blood of non-injected animals, but Weil and Boye failed to observe 
that the fluid had any effect on the coagulation of rabbits' blood 
in vitro. Flury ( 1912), on the other hand, found that the fluid delayed 
coagulation of dogs' blood and human blood in vitro. 

EXPERIMENTS BY THE WRITER 

Experiments by the writer have been made with physiological salt 
solution extracts of Strongylus vulgaris, Strongylus edentatus, Bus- 
tomum phlebotomum, Bustomum trigonocephalum, Stephanurus den- 
tatus, Oesophagostomum columbianum, Dictyocaulus filaria, Haetnon- 
chus contortus, Ascaris lumbricoides, Ascaris equorum, and Belascaris 
sp. The extracts in question were prepared from specimens collected 
shortly after the death of the host. The specimens were washed in 
physiological salt solution, dried between layers of filter paper and 
exposed to room temperature or to a temperature of 37** C. until they 
became sufficiently crisp to be pulverized. A quantity of |x>wder was 
then added to physiological salt solution in a test tube, the contents 
were thoroughly shaken aird allowed to remain in a refrigerator at 
a temperature of about 10** C. for about twenty-four hours. Before 
being used in experiments, extracts prepared as outlined above were 
filtered through ordinary filter paper. In nearly all experiments 
referred to in the following pages about 0.1 gm. of powder of the 
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dried parasite in question was added to each cubic centimeter of 
physiological salt solution. Equal parts of freshly drawn blood and 
of extract were used in each experiment. Each experiment was con- 
trolled by adding to a quantity of the blood that was used in the test 
an equal volume of physiological salt solution. 

Weinberg's conclusions concerning the presence in worms belong- 
ing to the genus Strongylus of a substance that inhibits coagulation 
of blood were confirmed. Extracts of Strongylus edentatus and of 
Strongylus vulgaris inhibited coagulation of rabbits' blood for periods 
ranging from thirty minutes to sixty minutes, as compared with con- 
trols. Rabbit blood in contact with extracts of specimens of Strongylus 
edentatus that had been preserved in alcohol for several weeks showed 
no delay in coagulation. The substance in these worms that delays 
coagulation of blood is evidently less potent for rabbit blood than for 
horse blood, which probably indicates that it has a selective action 
on the blood of its host. That this substance is not limited to the 
anterior part of the worm, as is the case in worms of the genus 
Ancylostoma, was shown by the following experiment: 

The anterior portions (roughly about one-third of the total length 
of the worms) of seven dried specimens of Strongylus edentatus were 
triturated in a mortar and extracted in one cubic centimeter of physio- 
logical salt solution. The remaining posterior portions of these speci- 
mens were also triturated and extracted in an equal quantity of salt 
solution. Freshly drawn rabbit blood in contact with the above extracts 
remained uncoagulated one hour, whereas the control was coagulated 
in five minutes. The blood in the tube containing the extract of the 
posterior portion was still fluid when that in the tube containing the 
extract of the anterior portion was beginning to coagulate, but the 
difference between the rapidity of coagulation of the two samples of 
blood was only five minutes. 

A series of experiments was performed with extracts of cattle 
hookworms (Bustomum phlebotomum). Experiments 1 to 5 were per- 
formed with five different samples of freshly drawn cattle blood. 

Experiment 1 : The blood remained uncoagulated for thirty minutes. The 
blood in the control tube coagulated in ten minutes. 

Experiment 2: The blood remained uncoagulated two and one-half hours. 
The blood in the control tube became coagulated in ten minutes. 

Experiment 3: The blood remained uncoagulated for two and one-half 
hours. The blood in the control tube became coagulated in fifteen minutes. 

Experiment 4: The blood remained uncoagulated three and one-half hours. 
The blood in the control tube became coagulated in fifteen minutes. 

Experiment 5-. The blood was still uncoagulated after twenty-four hours. 
The blood in the control tube became coagulated in ten minutes. 

Experiment 6: Rabbit blood was used in this experiment. The blood 
remained uncoagulated for fifty minutes. The blood in the control tube was 
coagulated in seven minutes. 
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In the series of experiments upon cattle blood it was observed 
that only a portion of the blood actually coagulated. In the control 
tubes the blood clot was from two to three times as large as that in the 
tubes containing the extract. The latter showed a heavy sediment of 
erythrocytes, whereas the control tubes showed but a slight sediment 
of red blood corpuscles. 

Experiments with extracts of a closely related species, namely, 
Bustomum trigonocephalum, a hookworm parasitic in sheep, yielded 
the following results: Two samples of rabbits* blood showed a delay 
in coagulation of twenty minutes as compared with the controls, and 
one sample of cattle blood showed a delay of forty-five minutes as 
compared with the control. 

In order to determine whether the substance in the worms that 
inhibits coagulation of blood is readily soluble in salt solution, powder 
used in experiments 1 to 6 which had been extracted once was 
re-extracted and tested on samples of cattle blood with the following 
results: In two cases no effects were produced, since coagulation 
occurred in the controls and in the tests at the same time. In one case 
coagulation was delayed ten minutes as compared with the control and 
in another case it was delayed fifteen minutes, thus showing that the 
first extraction removed practically the entire anticoagulin from the 
parasite material. 

Extracts of the stomach worm (Haemonchus contortus) were tested 
on ten samples of sheep blood, on five samples of cattle blood, and 
on several samples of rabbit blood. In nearly all cases the blood in 
contact with the extracts, coagulated more slowly than the controls, 
but the maximum delay in coagulation of blood in contact with 
Haemonchus contortus extract as compared with the controls was 
about fifteen minutes. 

Extracts of the kidney worm of swine (Stephanurus dentatus), of 
the lungworm of sheep (Dictyocaulus filaria), and of the gapeworm of 
poultry (Syngamus trachealis) were tested on three samples of sheep 
blood with negative results. 

Extracts of Oesophagostomum columbianum, the nodular worm of 
sheep, prepared by macerating twelve fresh specimens in 2 c.c. of 
physiological salt solution, produced no effect on two samples of rabbit 
blood and one sample of cattle blood. 

The negative results obtained in these experiments, as well as 
the weakly positive results obtained with Haemonchus contortus, serve 
as a control on the specificity of the reaction with extracts of species 
of Ancylostoma, Bustomum, and Strongylus, and show quite con- 
clusively that the substance or substances in the worms which inhibit 
coagulation of blood are specific anticoagulins physiologically related 
to hirudin and certain snake venoms, and not merely mixtures of 



Digitized by 



Google 



148 THE JOURNAL OF PARASITOLOGY 

proteins in solution. While solutions of proteoses, of trypsin, of 
pepsin, and extracts of tissues are known to retard coagulation of 
blood when injected into the living animal, they have been shown not 
to delay coagulation of blood in vitro, and hence the effects on coagu- 
lation of blood in vitro produced by extracts of certain nematodes 
cannot be ascribed to such substances. 

A series of experiments with Ascaris lumbricoides fluid and rabbit 
blood yielded the following results : • Three to five drops of fluid of 
Ascaris lumbricoides from swine in contact with ten drops of blood 
produced a> delay in coagulation of fifteen minutes as compared with 
the control. A mixture of eight drops of fluid and ten drops of blood 
remained uncoagulated thirty-five minutes longer than the control. 
A mixture of ten drops of fluid and ten drops of blood showed a 
delayed coagulation of forty-two minutes as compared with the control. 

Extracts of Ascaris equorum and of Belascaris sp. were tested on 
three samples of sheep blood with weakly positive results, i. e., blood 
in contact with these extracts remained uncoagulated five to fifteen 
minutes longer than the controls. 

These experiments confirm Flury's results with human blood and 
dog blood and show that the fluid that is present in the body cavity of 
Ascaris lumbricoides delays to a certain extent coagulation of blood 
in vitro. 

DISCUSSION 

That certain nematodes secrete substances that have toxic prop- 
erties and that are absorbed by the host is a view which has been 
advanced by a number of investigators. In addition to the toxic 
principle discussed in this paper, other specific toxic substances, espe- 
cially hemolysins, have been shown to occur in several species. It 
is probable that the toxic secretions of nematodes, like snake venoms, 
are a complex of a number of different principles, such as hemolysins, 
anticoagulins, and one or more systemic poisons. 

It is of interest to note that nematodes that contain anticoagulins 
also contain hemolysins.' The former are probably distinct from the 
latter chemically as well as physiologically. The hemolysin found in 
species of Ancylostoma is destroyed by heating at 55** C. for several 
minutes (Whipple, 1909; Schwartz, 1920), whereas the anti-coagulin 
in these worms resists boiling (Loeb and Smith, 1904). Further 
studies on the properties of anticoagulins from nematodes would 
probably yield interesting comparisons with those of hemolysins. 
Investigations concerning the possible presence of hemolysins in nema- 
todes that lack anticoagulins would also be of interest. 



3. A brief account of hemolysins from parasitic worms is given in a recent 
paper by the writer (Schwartz, 1920). 
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It is conceivable and by no means improbable that substances in 
nematodes which delay coagulation of blood may be of etiological 
significance in the pathology of nematode diseases. Loeb and his 
collaborators are inclined to the view that the oozing of blood from 
the wounds inflicted by hookworms, rather than the absorption by 
the host of a hemolysin elaborated by the parasites, accounts for the 
anemia that occurs in cases of infestation with these parasites. That 
the anticoagulin which has been shown to occur in the anterior por- 
tion of these parasites is responsible for the persistent hemorrhages 
in question appears to be a warranted conclusion. In this connection 
it is of interest to observe that markedly strong anticoagulins, so 
far as is known, occur only in nematodes belonging to the family 
Strongylidae, the members of which commonly produce pronounced 
anemia in the host. 

SUMMARY 

1. The substance in species of Strongylus that inhibits coagulation 
of blood is present in the posterior as well as in the anterior portion 
of the worms. 

2. Bustomum phlebotomum, a hookworm parasitic in cattle, con- 
tains a substance soluble in salt solution that inhibits coagulation of 
blood for considerable periods which vary with different samples of 
blood. A closely related species, Bustomum trigonocephalum, contains 
a similar anticoagulin. 

3. Salt solution extracts of Haemonchus contortus cause but a 
slight delay in coagulation of blood. Extracts of Syngamus trachealis, 
Dictyocaulus filaria, and Stephanurus dentatus do not retard coagula- 
tion of sheep blood. Extracts of Oesophagostomum columbianum do 
not retard coagulation of rabbits' blood. 

4. The body fluid of Ascaris lumbricoides inhibits coagulation of 
blood to a moderate extent. Extracts of Ascaris equorum and of 
Belascaris sp. have a slight effect on coagulation of sheep's blood. 

5. In view of the fact that the delay in coagulation of blood due 
to extracts of nematodes occurs in vitro, that it varies with extracts of 
different species of worms, and that extracts of certain species produce 
no delay in coagulation, it may be concluded that specific substances, 
other than proteins in solution, must be involved. 

6. The substances in question appear to be physiologically related to 
hirudin and snake venom, and like the latter are probably part of a 
complex of toxic principles. 

7. So far as present knowledge goes, nematodes which contain 
substances that inhibit coagulation of blood to a marked degree are 
zoologically related, belonging to the family Strongylidae, the mem- 
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bers of which have a buccal capsule adapted to lacerating the intestinal 
mucosa. 

8. That the injection of their secretions into the intestinal mucosa, 
by certain biting nematodes, resulting in minute hemorrhages, is of 
etiological importance in nematode diseases appears very probable. 
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A MICROSPORIDIAN OCCURRING IN THE SMELT 

Franz Schrader 
Bryn Mawr College 

Published by permission of the Commissioner of Fisheries 

In the course of taxonomical studies on the smelts, Dr. A. C. 
Kendall and D. R. Crawford of the Bureau of Fisheries have fre- 
quently encoimtered a very characteristic infection in these fishes. This 
infection I find to be caused by one of the Microsporidia, belonging to 
the genus Glugea. 

Infections at various stages of development were available. Appar- 
ently, the intestine is the primary seat of the parasite. Affected fishes 
are characterized by the appearance of more or less numerous cysts 
in the viscera, and generally all the cysts in a fish are of approximately 
the same size. The latter may vary from microscopical dimensions 
to 3 mm. in diameter. Early stages show them in the wall of the 
intestine where their white color makes them conspicuous even when 
still small. At this time they are located in the mucosa, below the 
epithelium of the villi (Fig. 2). As growth proceeds, they push 
through the muscular coat of the intestine, and then come to lie imme- 
diately under the peritoneum. An extreme but common {nanifestation 
of such cyst development is shown in Figure 1. The entire length of 
the intestine from below the stomach to within a short distance of the 
anus is here taken up with cysts, and it becomes a puzzle how it can 
function under such conditions. Cysts also occur in the liver and the 
gonads, but not one was found in the stomach proper, kidney or heart. 

The distribution of affected smelts is a very interesting one. Such 
fishes were found in Lake Massabesic, N. H. ; Sunapee Lake, N. H., 
near Dennysville on the extreme northern portion of the Maine coast, 
and Casco Bay on the southern Maine coast. The smelts in Sunapee 
Lake were introduced some years ago from Squam Lake, N. H., from 
which no records are available. It is to be noted that the specimens 
from the Maine coast are typical smelts which live in salt water and 
ascend fresh water streams at a certain time each year. Those from 
the lakes mentioned, however, are purely fresh water forms and never 
come in contact with salt water. Aside from other considerations, 
dams and other obstructions would make journeys from the sea into 
these lakes a physical impossibility. It may also be remarked that 
Dr. Kendall (paper in preparation) believes that these fresh water 
smelts are taxonomically distinct from the salt water form, Osmerus 
mordax. 

Nevertheless, the Microsporidian parasites seem to be identical in 
both fresh and salt water smelts. Whether the parasite became estab- 
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lished after the several types of smelts had evolved, or whether it was 
present originally and underwent no morphologic changes in distinc- 
tion to Its host, must be left unanswered at present. 

The rate of infection may be very high, as is manifested by the 
following data: 

Lake Massabesic, N. H. : 38 out of 71 infected — over 53%. (Mild 
infections were not counted in this instance.) 

Sunapee Lake, N. H.: 29 out of 103 infected— over 28%. 

Dennysville, Me.: 1 out of 64 infected — over 1.5%. 

Casco Bay, Me.: 48 out of 306 infected — over 16%. 

In Casco Bay the distribution is very general, and affected fishes 
were caught at Mosiers Island and Freeport (Harraseeket River, Mast 
Landing Creek, and Porters Landing Creek). Collections were made 
in 1904, 1907, and 1915, and generally either in spring or autumn. 

Adult fishes are only rarely parasitized, the highest rate* of infec- 
tion being found among immature fishes of approximately 10 cm. in 
length (generally speaking, about a year before maturity). Fishes of 
the latter size are very much more numerous than adults. Possibly 
the scarcity of parasitized adults is due to the fact that the majority 
of infected immature fishes die, leaving only those that escape infection 
to attain maturity. It must not be forgotten, of course, that such a 
disparity in the numbers of young and mature fishes is encountered to 
some degree in all other species of fishes, where parasitism may not 
be instrumental at all. 

Glugea sp. 

Cysts vary in size from microscopic dimensions to 2 or 3 mm. in diameter. 
As in other species of Gltigea, sporonts, sporoblasts, and ripe spores may all 
be found in a single cyst, with the earliest stages near the periphery. Spore 
formation seems to follow the same lines as described for Glugea anomala by 
Stempell (1904), and Awerinzew and Fermor (1911). 

Dimensions of spores: length = 4 to 4.5/*; width =2 to 2.5m. 

The preservation of the material rendered a study of the nuclear 
conditions in the spores impossible, although other developmental 
stages were not badly fixed. The giant v^etative nuclei which have 
been the basis of much dispute, are very ntunerous at the periphery 
of developing cysts. To all appearances, they give rise to sporonts, as 
Stempell and Awerinzew and Fermor have maintained, and are not 
hypertrophied tissue nuclei of the host (Schuberg, 1910, and Schroe- 
der, 1909). 

Unlike Glugea anomala, the parasite is specific for the smelts and 
does not affect even other Salmonidae inhabiting the same waters. (It 
is indeed open to question whether the Microsporidia of Gasterosteus 
could be transmitted to Gobius, although Stempell believes that in both 
species of, fishes, which are of widely different families, Glugea 
anomala is concerned.) Again, the size given above is fairly constant, 
and no such extreme variation as described in G. anomala could be 
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observed. Muscles and connective tissue were found not to be subject 
to invasion, which also is a point of difference from that described 
species. 

Microspore infections of the smelt have also been reported for 
North America by Mavor (1915) and Linton (1901). The latter 
records sporocysts in the intestine of this fish, but does not go into 
detail any more than Mavor, who contents himself with the statement 
that the microspore concerned in his case was apparently Glugea ste- 
phani. The measurements of the latter, which is typically a parasite 
of the flatfishes, differ definitely from the parasite which I have 
described — 3 by 1.5 mm. (Johnstone, 1901). Its mode of occurrence 
in the intestine and its life history are, however, markedly similar, and 
it seems probable that both Mavor and Linton were dealing with the 
same parasite as that discussed in this paper. 

A form which in both size and occurrence corresponds almost exactly 
to the one I have described, was found by Weissenberg in the European 
smelt, Osmeriis eperlanus, and named Glugea hertwigi. The dimen- 
sions given for this form are 4.6 to 5.4 by 2.3 m, which measurements 
are very close to those of the American form. Weissenberg's measure- 
ments were taken from fresh specimen, which may account for their 
slightly larger proportions. The occurrence of the same parasite in 
European and American species of the smelt would furnish an inter- 
esting parallel to the case of Myxidium lieberkuehni which according to 
Mavor occurs in both the European and the American pike. 
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Explanation of Plate 

1. Smelt show'ng advanced infection of liver and intestine. Reduced 
one fifth. 

2. Cross section of intestine showing an early infection. 20 X. 

3. Portion of parasitized testis. Objective : 32 mm. Eyepiece : 6 X. 

4. Periphery of developing cyst showing giant nuclei and developmental 
stages. Objective : 1.5 mm. Eyepiece : 10 X. 

5. Spores. Objective: 1.5 mm. Eyepiece: 15 X- 
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THE FFRST INSTAR OF IVOHLFAHRTIA VIGIL 

WALKER 

O. A. JOHANNSEN 

In the September number of this journal Dr. E. M. Walker (1920) 
published an. account of the larval structure and habits of Wohlfahrtia 
vigil. As the first instar has not yet been described the following may 
be of interest: • ' 

On July 9, 1907, in Ithaca, N. Y., the writer captured a female 
specimen, which when placed in the cyanide bottle, immediately 
deposited, several larvae on the side of the glass. The species is 
therefore larviparous, like other Sarcophagids. As the adult of this 
species has several striking characteristics, it was possible, even at that 
date, and before the appearance of Aldrich's monograph (1916) to 
determine it by means of the original description of Francis Walker 
(1849), under the name of Sarcophaga^^t'igil, Though not common 
in Ithaca, I have taken a few specimens o' the fly nearly every season 
since 1907, and always in a similar situation, that is, on a cement 
walk, in the bright sunshine, about midcLiy, during June, July and 
August. 

The larva of the first instar measures 2.3 mm. in length, by 0.4 mm. 
in width in the region of the fifth or sixth abdominal segment. The 
upper pair of tubercles (or antennae of Portchinsky) of the pseudo- 
cephalon, are well defined, 30/i in length, two-segmented, the first 
segment about as long as broad, the second somewhat longer than 
broad, and conical. The mandibular hooks are slender, sharply pointed, 
and much curved, though less so than those figured for Wohlfahrtia 
magnifica Schiner by Portchinsky (1884). He states that in the first 
instar of the last mentioned species there is a large median hook placed 
a little higher than the laterals. In W, vigil there is no indication of 
this median hook. As it is scarcely conceivable that so experienced an 
observer as Portchinsky should mistake a portion of the pharyngeal 
skeleton for a median hook, we must conclude that W, magnifica differs 
from the American species in this particular. As in the first instar 
of the house fly larva the anterior spiracular processes are lacking. 
The posterior spiracles are in a pit and each has two slits which lie 
parallel to each other, approximately perpendicular to the horizontal 
plane, supposing the larva to be lying ventral side down in a horizontal 
position. The spinules on the body are rather larger and more numer- 
ous than indicated by Walker ( 1920) for the second and third instars, 
though less widely distributed than described by Portchinsky (1875) 
for W. magnifica. In my specimens the anterior third of the second 
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s^^ent, and the anterior fourth of the third, fourth and fifth s^- 
ments are each provided with a uniform spinule band. On the 
succeeding segments the bands occupy about one-fourth the width of 
a segment, are placed over the incisures and all are more or less 
interrupted by clear, transverse areas, corresponding to the folding at 
the incisures. The incisure cuts the fifth segment near its anterior 
margin, but the bands at the posterior end of the body are cut by the 
incisures nearer their middle. The clear areas are more numerous in 
the posterior bands, but their arrangement does not appear to be 
significant since this differs in distribution in diflferent specimens. The 
spinules in the bands at the cephalic end are somewhat larger than 
those in the posterior bands. 

The first instar, on the whole, is therefore more distinctly spinose 
than the second or third, as illustrated by Dr. Walker, for this species, 
but is less spinose than the European species described and figured by 
Portchinsky. 
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NOTES 



A NOTE ON LONGEVITY OF LARVAL TICKS 

Some time about the last week of July, 1919, a small boy living at our 
Biological Station brought me a number of engorged ticks which he had taken 
from the ears of his dog. I placed two of the largest in a small wooden box 
with a tight cover. In two or three days they began laying eggs. This 
process continued for several days when the ticks and about half the eggs 
were taken out of the box. Some time near the first week in August, the 
eggs began hatching and all were hatched by about the middle of August. 
There were then several hundred newly hatched ticks in the box ready and 
waiting to be fed, but I carefully refused to be the victim. 

The box was then left closed until November 14, 1919, when it was opened 
and a large number were still alive and active. In fact their numbers and 
activity prevented the making of any estimate as to how many were actually 
living. On Decembei^ 28, 1919, the living larvae were still numerous as was 
also the case on January 4, 1920. By February 25, 1920, the numbers were so 
reduced and the activity so diminished that it was possible to estimate fairly 
satisfactorily that about fifty still lived. On March 11, 1920, only a few were 
alive and they were rather inactive. On April 9, 1920, none could be found 
showing signs of life. 

The dozen or so which survived this period of seven months without ever 
having fed show very clearly that the perpetuation of this species is well pro- 
vided for by c(ualities of endurance as well as by great numbers of young. 
One is led to wonder what changes occurred in form and function of organs 
of these animals during the ordeal. In some respects the tick would appear 
to be an organism unusually favorable for certain studies in nutrition. 

Read at the Western Society of WE Allen 

Naturalists, Seattle, June, 1920. 

Professor Ludwig von GraflF died in Graz on December 8, 1920. While his 
work had been almost entirely in other fields he had written a small but 
valuable book on the parasites of domestic animals transferable to man and a 
large and extremely valuable work on The Turbellaria as Parasites and Hosts. 
The death of Professor Graff removes a commanding figure from the field of 
zoological research. 

The library of the late Doctor A. J. Chalmers has been presented to the 
Royal Society of Medicine (England). It is to be known as the Chalmers Col- 
lection and to constitute the library of the new Section of Ti-opical Medicine 
and Parasitology. The British Medical Journal states that this is probably the 
finest collection of books on tropical medicine to be found anywhere. 

Dr. Benjamin Schwartz has resigned as Assistant Zoologist in the Bureau of 
Animal Industry and has accepted the position of Professor of Protozoology 
and Parasitology in the University of the Philippines at Manila. 

Dr. E. C. Faust has been given editorial charge of the department of 
Parasitology in the China Medical Journal. 



ERRATA 

In The Journal (June, 1920). vol. VI, p. 175, line 4 from bottom, for 31 
(the number of hooks) read 33. 

In The Journal (December, 1920), vol. VII, p. 63, line 2, for Grahamella 
protista read Grahamella talpae n. g., n. sp. of Protista (Brumpt, 1911:514). 
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CYTAMOEBA BACTERIFERA IN THE RED BLOOD 
CELLS OF THE FROG 

R. W. Hegner 

Department of Medical Zoology, School of Hygiene and Public Health, 

Johns Hopkins University 

This note is intended to call to the attention of parasitologists and 
bacteriologists the presence in the red blood cells of frogs in this coun- 
try of a most interesting organism to which the name Cytamoeba bac- 
terifera was given by Labbe in 1894. 

Cytamoeba bacterifera was found in the red cells in the peripheral 
blood of two specimens of Rana clamitans and five specimens of R, 
catesbiana collected at Cold Spring Harbor, Long Island, N. Y., in the 
summer of 1919. It was absent from the other frogs and toads exam- 
ined ; namely, Ranc palustris, R, sylvaiica, R. pipiens, Hyla versicolor, 
Bufo americanus and Scaphiopus holbrookii. In every case the host 
was also parasitized with trypanosomes, hemogregarines, and several 
other forms that represent either undescribed species or stages in the 
life cycles of parasites known only as adults. Freshly drawn blood 
was studied as well as material fixed and stained by Wright's method 
and by the Schaudinn-iron-haematoxylin method. The frogs were kept 
alive in the laboratory for a considerable period and their blood exam- 
ined at intervals of a few days ; several of them were kept in this way 
for three months. 

The importance of studying specimens of Cytamoeba while alive 
and in freshly drawn blood was soon demonstrated, since movement 
ceases shortly after being taken from the frog's body and the appear- 
ance in stained preparations is far from normal. A typical, fully grown 
specimen as seen when alive and active is shown in figure 1. It mea- 
sures about 7/i in diameter and occupies a position at one end of the 
red cell, sometimes pushing the nucleus out of its usual central position. 
The entire parasite is active as well as the bacilliform bodies within it. 
It resembles very much a trophozoite of the tertian malarial parasite, 
Plasmodium vivax, throwing out and withdrawing pseudopodia on all 
sides. At the same time the bacilliform bodies are moving about rapidly 
within, creating a flame-like appearance. After a few minutes the 
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movements of the parasite cease and a stationary, rounded shape is 
assumed (Fig. 3), but the bacilli form bodies continue to move about 
within, often for several hours. Finally all movement of both parasite 
and bacilli form bodies ceases. Many stages in the growth of the para- 
site are present within the red blood cells of a frog at the same time. 
The first recognizable stages appear like minute vacuoles frequently 
situated at the side of the nucleus of the red cell instead of at one end 
as later. Only one or a few bacilliform bodies may be present at this 
time ( Fig. 6) . As growth proceeds the size of the Cytamoeba increases 
as well as the number of bacilliform bodies. Fully grown parasites 
differ with respect to the number of these bodies, some being supplied 







5 6 7 8 

All figures were drawn with a camera lucida X 1440. 

Fig. 1. Large, living, active specimen of Cytamoeba hacterifera within red 
blood cell of bullfrog. The nucleus of the blood cell is pushed out of its 
normal position. The parasite has thrown out pseudopodia and is filled with 
active bacilliform bpdies. 

Fig. 2. Red blood cell containing two living, active specimens. 

Fig. 3. Red blood cell containing one living specimen that has rounded up 
and has ceased to throw out pseudopodia. The bacilliform bodies within are 
still active. 

Fig. 4. Red blood cell containing four living, active specimens. 

Fig. 5. Red blood cell containing a large specimen. This and figures 6, 7 
and 8 were drawn from material fixed and stained by Wright's method. 

Fig. 6. Red blood cell containing a very young specimen with only two 
bacilliform bodies. 

Fig. 7. Red blood cell infected with both Cytamoeba and Haemogregarina. 

Fig. 8. Red blood cell containing two specimens of Cytamoeba. 
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with more than others. Blood specimens from frogs that were kept in 
the laboratory were examined at intervals for three months but no 
other stages in the life history of the Cytamoeba were found and no 
^eat differences were observed in the percentage of infection of red 
blood cells or in the sizes of the organisms present. For example, in 
a bull frog (No. 23) the percentage of infection of red blood cells 
ranged from 4 to 7 at different times during a period of three months. 
The infection in other specimens ranged from 1% up to 12%. In a 
few cases red blood cells contained two Cytamoebas (Figs. 2 and Sy 
and in one case four were present (Fig. 4). Several cells were infected 
with both Cytamoeba and Haemogregarina (Fig. 7). No visible differ- 
ence was observed between the size and contents of the infected and 
noninfected red cells either in fresh blood or in the fixed and stained 
material such as is sometimes so conspicuous when cells are parasitized 
by large specimens of Haemogregarina or Karyolysus. No specimens 
of Cytamoeba were found free in the blood as reported by Labbe 
(1894) and Laveran (1899). 

Specimens fixed and stained by Wright's method present an entirely 
erroneous appearance. The amoeboid or rounded shape of the parasite 
is entirely lost due probably to drying and an irregular mass of bacilli- 
form bodies is left. These stain deeply and are quite conspicuous. 
The appearance of the parasite and its contained bodies is indicated 
in the accompanying figures (Figs. 5-8). Specimens fixed in Schau- 
dinn's solution and stained with iron-haematoxylin are unsatisfactory. 
They keep their rounded shape, but do not stain well. 

Several interesting questions regarding Cytamoeba remain to be 
solved. Is Cytamoeba an organism or only a vacuole in which bacteria 
live? If it is an organism is it an "adult" stage or a developmental 
stage of an unknown species or of a known species such as Haemogre- 
garina ratiarum or Trypanosoma rotatorium? If it is a stage of an 
unknown species, what stage in the life cycle does it represent and in 
what part of the body do the other stages occur? Are the bacilliform 
bodies bacteria ? If so, how does the Cytamoeba become infected by 
them? 

Kruse (1890), probably the first to figure this parasite, speaks of 
it not as an organism but as a space in the blood. Gabritchewsky's 
(1890) attention was called to it by Metchnikoff who found it in the 
blood of frogs infected with Haemogregarina ranarum. His efforts 
were chiefly directed toward an investigation of the "bacteria," never- 
theless the "petite boule protoplasmique transparente" which contained 
these bacteria was considered "un etre completement, etrange a 
Thematic, une espece d'amibe, ou de larve amibiforme envahie elle- 
meme par un microbe bacterien." Four uninfected frogs were inocu- 
lated with the spleen, liver, kidney and bone marrow of a frog con- 
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taining both Haemogregarina and Cytamoeba, Three of the frogs were 
later found to possess both types of parasites; in the fourth animal 
only the Cytamoebae were present. Autopsies revealed the Cytamoebae 
in the spleen, and bone marrow. A small number of trypanosomes 
were noted in all frogs containing the other parasites. Culture experi- 
ments gave negative results. Gabritchewsky suggests that perhaps 
"le corpuscle amibiforme" is a stage in the development of Haemo- 
gregarina. 

The name Cytamoeba bacterifera we owe to Labbe (1891, 1894). 
This investigator recognized it as a new type of organism and placed it 
in the genus Cytamoeba, a generic name proposed previously by Dani- 
lewsky (1890) for the malarial parasite. A parasite of the red blood 
cells of Hyla viridis described by Grassi (1882) and considered by him 
analogous to the malarial organism was placed by Labbe provisionally 
in the same genus and given the name Cytamoeba grassi. Labbe 
describes what he thought were stages of Cytamoeba in fission and 
spore formation, and specimens that he found free in the blood. 

Wasielewski (1896) accepted Labbe's views regarding the protozoan 
affinities of Cytamoeba bacterifera and placed it in the order Acysto- 
sporidia, family Haemamoebidae, along with the genera Proteosoma, 
Haemamoeba, and Dactylosoma. Cytamoeba was next described by 
Ziemann (1898) who noted the amoeboid movement of vacuole-like 
bodies within the red blood cells of the frog, and observed the bacilli- 
form bodies contained in them but was not convinced that the body 
he saw was really an amoeboid organism. 

Laveran (1899) also observed Cytamoeba bacterifera both in fresh 
and in stained preparations. He named the bacilli form bodies Bacillus 
krusei and concluded that the bacteria were not contained in a parasitic 
ameboid organism, because (1) no movement of the vacuole was 
observed; (2) the bacilliform bodies moved actively as though in a 
liquid and not in protoplasm; (3) isolated bacilli were encountered, 
without a surrounding clear area; (4) the vacuoles did not become 
stained and no nucleus could be found; (5) after the dissolution of 
the protoplasm of the red blood cell, the bacteria were isolated; and 
(6) no reproduction of the "ameba" was observed. Laveran did not 
succeed in cultivating Bacillus krusei. Several of Laveran's conten- 
tions do not hold since ( 1 ) the "vacuole" certainly undergoes amoeboid 
movement, (2) protoplasm within certain amoebae is liquid as is 
probably also true of Cytamoeba and the active movement of the 
bacilliform bodies is possible in this medium, (3) there is no reason 
why bacilli should not exist outside of the organism, (4) failure to 
find a nucleus does not prove that one is not present since it may be 
obscured by the bacilliform bodies, (5) the protoplasm of the organism 
as well as that of the red cell may have been dissolved, and (6) the 
reproduction of the "ameba" may occur in the internal organs. 



Digitized by 



Goo^^ 



HEGNER-^YTAMOEBA BACTERIFERA IN THE FROG 161 

More recently Dutton, Todd and Tobey (1907) have described 
several organisms that were found by them in the red blood cells of 
frogs in Africa, some of which may have been Cytamoebas ; and Carini 
(1910) has attempted to classify similar bodies found in the Brazilian 
frog, Leptodactyltis ocellatus. These were apparently observed only 
in stained specimens and hence were unsatisfactory for study. Certain 
of them are called by Carini "elements bacilloides" ; a second type 
consists of bacilli form bodies similar to Bacillus krusei but thinner 
and shorter, and a third type resembles Cytamoeba. 

After studying infected red blood cells of the frog both living and 
fixed and stained and reviewing the literature on this subject the tenta- 
tive conclusion is reached that Cytamoeba bacterifera is a stage in the 
life cycle of a protozoan parasite and that living within it either as 
hyperparasites or in symbiosis is a bacillus named by Laveran Bacillus 
krtisei. The writer hopes at some future time to add more to our 
knowledge of this interesting organism. 
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TWO NEW MONOSTOMES FROM ASIA* 
E. C. Harrah 

Although monostomes have been widely studied only a single 
specimen has been reported from Asia viz., that described by Stossich 
(1902) as Haematotrephus phanerop solus, from Totanus sp. taken at 
Yedo, Japan. Previous to that the eastern limits of the group were 
represented by Cyclocoelum nigropunctatum (von Linstow 1883) in 
Turkestan and Cyclocoelum tringae (Brandes 1892) from Tringa 
variabilis taken on the penninsula of Sinai. Within the last decade 
Skriabin (1913) described Cyclocoelum orientale from Totanus glare- 
olus, and Tracheophilus sisowi from Anas boschas, taken in Russian 
Turkestan and Catatropis charadii from Helodromus ochropus taken 
along the Ural mountains. 

Nicoll (1914) and S. J. Johnston (1916) reported a number of 
species taken from birds in Australia. Nicoll called attention to the 
fact that except for Allopyge antigones the forms found were not 
particularly Australian in character, while Johnston demonstrated a 
direct relationship between Cyclocoelum taxorchis and a Brazilian 
species. 

The material which forms the basis of this paper is composed of 
two species, one from a magpie, probably Cyanopolius cyanus, taken at 
Nanking, Qiina, by R. T. Shields in 1915 ; the other from the fantail 
snipe GaUinago gallinago (L) taken at Chiengmai, Siam, by M. E. 
Barnes, in January, 1918. For the loan of this material the writer is 
deeply indebted to Professor Henry B. Ward, to whom the above 
collections were sent, and wishes to take this opportunity to express 
to Professor Ward his sincere thanks for many valuable suggestions 
during the progress of this work as well as for the loan of the material. 

Cyclocoelum elongatum nov. spec. [Fig. 1] 
Narrow elongate monostomes 12 to 16.5 mm. in length by 1.5 to 3 mm. in 
greatest width which is found a little posterior to the middle of the body. 
From this point the body tapers toward both ends which are bluntly rounded 
and approximately equal in size. The subterminal mouth opening is surrounded 
by a well developed spherical sucker, measuring 430 to 520m in diameter, which 
is closely followed by a much smaller ovoid pharynx, 215 to 280m wide by 
265 by 330m long. The esophagus is of moderate length. The genital pore is 
situated ventral to the posterior end of the pharynx. The cirrus pouch stretches 
from this point to the posterior wall of the intestinal bifurcation. The vitelline 
glands extend from the region of the pharynx to the excretory bladder at 
which place they frequently overlap; in lateral extent they rarely reach over 
the outer intestinal wall. The excretory bladder is bicomuate and in this 
respect Cyclocoelum elongatum differs from all other species of this genus. 

* Contribution from the Zoological Laboratory of the University of Illinois, 
under the direction of Henry B. Ward, No. 183. 
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The genital glands are intracecal in position, the posterior testis filling entirely 
the space of the posterior intestinal arch. It is usually flattened laterally and 
measures 415 to 975m in length by 415 to 57(V* in width. The anterior testis 
which is situated a short distance from the posterior and lateral is only a 
little smaller; it shows a length of 640 to 820ai and a width of 480 to 545m. 
The spherical ovary which lies about equally distant from the two testes is 
approximately two-thirds the size of the anterior testis and measures 330 to 



Figure 1 Figure 2 

Explanation of Figures 

Fig. 1. — Cyclocoelum elongatum, X 8. 
Fig. 2. — Cyclocoelum obliquum. X 13. 

375/* in diameter. The spherical shell gland lies dorsal and posterior to the 
ovary and is approximately equal in size to the latter organ. The receptaculum 
seminis, which lies median and dorsal to the ovary is a little less than one-half 
its size, measuring 165m in diameter. In general the uterus does not pass 
posterior to the shell gland and anterior to that organ fills out the entire 
space between the intestinal crura. The eggs are thick shelled, oval, 112 to 
117m in length by 51 to 66m in width. 

Habitat: Cynopolius cyanus (?), Nanking, China. Organ not designated. 
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Cyclocoelum elongatum differs from all other known species of this 
genus in that it has a strong well developed oral sucker and a 
bicornuate excretory bladder. It is more slender than Cyclocoelum 
prohlematicum Stossich which species it simulates in lateral extent 
of the uterus. 

Cyclocoelum obliquum nov. spec. [Fig. 2] 
Medium sized worms, 10 mm. long by 2.5 mm. wide, in maximum which 
is found in the middle of the body; from this point the body tapers anteriorly 
to the relatively small rounded anterior end. Posterior to the point of greatest 
width the margins of the body are nearly parallel; the posterior end being 
broadly rounded. An oral sucker is present but weakly developed, 410/* in 
diameter; and is twice the size of the pharynx which is spherical and measures 
230/* in diameter. The relatively short esophagus is approximately twice the 
length of the pharynx. The genital pore is situated ventral to the posterior 
end of the pharynx from which the cirrus pouch extends posteriorly to the 
middle region of the intestinal bifurcation. The uterus is loosely folded, filling 
out the space between the crura and passing laterad to the outer wall of the 
latter organ. The vitellaria extends from the posterior wall of the intestinal 
bifurcation almost to the excretory bladder in the posterior end of the body 
where the right and left halves are separated by a distinct interval. One half 
of the vitellaria usually extends further cephalad than the other. In a lateral 
direction the vitellaria rarely extend over the outer wall of the crura. The 
testes are unequal in size; the anterior, smaller and spherical, measures 612/* 
in diameter, while the posterior one is larger, slightly flattened antero-poste- 
riorly and fills out the posterior cecal arch. It measures 660m in length by 800/* 
in width. The testes are usually separated by a number of uterine loops. The 
spherical ovary, which is much smaller than the testes, being only 285/* in 
diameter, is separated from the anterior testes by a number of uterine loops 
and from the posterior one only by the receptaculum seminis uterinum. The 
shell gland, which is approximately equal in size to the ovary, is situated 
dorsal and posterior to that organ and measures 295/* in diameter. The small 
spherical receptaculum seminis, 115/* in diameter, is dorsal and median in 
position to the ovary. The eggs are oval, of medium size, thick shelled, and 
measure 122 to 127/* in length by 61- to 66/* in width. 

Habitat: Liver, Gallinago gallinago (L), Chiengmai, Siam. 

The forms described above show so little that is distinctly different 
from species previously described for the genus Cyclocoelum that the 
writer feels justified in placing them in it. Cyclocoelum elongatum 
differs from all other known species of the genus in that it has a 
strong, well developed oral sucker and a double excretory bladder. 
With respect to the lateral extent of the uterine loops and in the posi- 
tion of the genital glands it closely resembles Cyclocoelum problemor- 
ticum. However, in the distribution of the vitellaria it simulates 
Cyclocoelum brc^ilianum Stossich. In distribution of the vitellaria 
and uterine loops Cyclocoelum obliquum is quite similar to Cyclocoelum 
vicarium (Amsd.) while the position of the genital glands simulate 
that of Cyclocoelum mutabile (Zed.) ; in that the testes are unequal 
and the posterior also flattened, they are more like Cyclocoelum braziU 
ianum than Cyclocoelum mutabile. 
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SUMMARY 

1. The occurrence of the genus Cyclocoelum is established in Asia, 
in addition to its presence in a new host, probably Cyanopolius cyanus, 

2. Two new species, Cyclocoelum elongatum and Cyclocoelum 
obliquum are described. 

3. The two new species show closer relations to the European 
than to the Australian species of Cyclocoelum. 
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ON SOME PROTOZOA PARASITIC IN FRESH- 
WATER FISHES OF NEW YORK* 

R. Kudo 

The Protozoa upon which the present communication is based, were 
found parasitic in fresh-water fishes collected in the vicinity of New 
York City, during August, 1920. Although no extensive research 
could be undertaken due to the small number of fishes obtained, yet 
new species of Myxosporidia as well as new host species were noticed. 
Furthermore, it became known that some of the common protozoan 
parasites of European fresh-water fishes of which little has been 
recorded up to date, occur also in North American waters. Therefore, 
I shall here briefly state my observations upon them. 

Six species of fish were examined. Abramis crysoleucus (two 
individuals), Ameiurus nebulosus (four), Anguilla chrysypa (ten) and 
Lepomis humilis (three) showed no myxosporidian parasites. The 
blood of none of these fishes was examined so that I cannot make any 
statement regarding the blood-inhabiting Protozoa. The results of 
examination of Lucius reticulatus and Moxostoma sp. are as follows : 

LUCIUS RETICULATUS 

The host fish, thirteen in all, varied from 6.5 to 15 centimeters in 
length. On examination of internal organs, it was found that they 
were infected by three different protozoan parasites. 

Wardia lucii nov. spec. (Figs. 1 to 9) 

Habitat. In the uriniferous tubule, the space in the Malpighian 
body and connective tissue of the kidney. Two out of thirteen fish 
examined were found to be infected by the present Myxosporidian. 
In both cases the infection was light. A number of young v^etative 
forms and a few mature spores were observed in smears as well as 
section preparations. 

Vegetative form. Form variable. It is usually rounded, viewed in 
fresh hanging drop preparations. The cytoplasm is distinctly differen- 
tiated into the homogeneous hyaline ectoplasm and highly vacuolated 
endoplasm (Fig. 3). Young forms in fixed preparations usually do 
not show the diflferentiation ; the entire body is filled with granulated 
endoplasm (Figs. 1 and 2). Youngest forms are apparently uninu- 
cleate. The nucleus divides as the body becomes larger, producing a 
vegetative and a generative nucleus (Fig. 1) ; the latter divides soon 
afterwards into two (Figs. 2 and 3). Further changes seem to take 



♦ Contributions from the Zoological Laboratory of the University of Illinois, 
No 184. 
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place in the ways similar to those of Leptotheca ohlmacheri which will 
be published elsewhere, including the formation of trinucleate gemmae 
which however are formed more than one in number in the present 
species (Fig. 3). Contrary to the above mentioned species, large forms 
(Fig. 3) which may produce a number of spores are also encountered^ 
although no large cyst formation takes place. Lobose pseudopodia 
which vary in size according to the size of the trophozoite from which 
they are protruded, are slowly formed at unlocalized parts of the body. 
Polysporous and disporous. 



Figs. 1 to 9, Wardia lucii no v. spec. Fig. 1, a binucleate trophozoite. Fig. 2, 
a trinucleate trophozoite. Fig. 3, a large trophozoite with three extruded 
gemmae (?). Fig. 4, a young spore. Fig. 5, the front view of a spore. Fig. 6, 
an optical section. Fig. 7, the end view of a spore. Figs. 8 and 9, spores 
slightly pressed under the cover glass. Figs. 1 to 4, Schaudinn, Giemsa, smears ; 
X2100. Figs. 5 to 9, fresh spores in physiological solution; X2350. 

Spore. Studied in hanging drop preparations, the spores show the 
following characters: Rounded triangular with convex sides in front 
view ; oval in end views ; and oblong in profile. The shell valves are 
thickened at the anterior tip. The sutural ridge prominent, is at right 
or acute angles to the line connecting the two polar capsules. Each 
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shell valve has irregularly marked ridges on its posterior portion. Two 
polar capsules spherical and usually equal in one and the same spore, 
occupy the anterior portion of the spore. The polar filament, coiled 

4 to 5 times, is distinctly visible, and shows the similar condition as 
was shown by me (Kudo, 1920: 86, Figs. 620 and 621) in the case of 
Mitraspora elongata. The sporoplasm is homogeneous or finely granu- 
lated, and seems to fill the posterior half of the spore. Dimensions of 
fresh spores: sutural diameter 8 to 9ft, breadth 8 to 8.5ft, thickness 

5 to 6fi, diameter of polar capsules 2.5 to 3.5/*, length of extruded polar 
filament (by pressure or potassium hydrate solution) 50 to 70fi. When 
stained, the sporoplasm appears distinctly to be a single mass con- 
taining two nuclei as is the case in the great majority of Myxosporidia. 

The above description leads one to place the Myxosporidian in the 
^enus Wardia (Kudo, 1920: 56) which I established (Kudo, 1920:82- 
83) for Wardia ovinocua, the ovarian parasite of Lepomis liumilis. 
The spores of both species were studied and measured in the fresh 
state, and show marked diflference in every respect. The vegetative 
forms and the modes of spore formation are also entirely different one 
from the other. Hence, I consider that the present form is an 
unrecorded species, and have named it Wardia lucii nov. spec. 

Myxidium lieberkUhni BUtsMi (Figs. 10 to 18) 

All the fish harbored the trophozoites and four also the spores of 
this well known Myxosporidian in their urinary bladders. Myxidium 
lieberkUhni has been found by several European authors in the urinary 
bladder of Lucius lucius and Lota lota from various parts of Europe, 
and also by Mavor in the first named host species of Canada and the 
United States (Kudo, 1920: 107). Recently Debaisieux (1918) states 
that. the Myxosporidian not only invades the bladder, but also the 
ureters, uriniferous tubules and further produces conspicuous cysts in 
the glomeruli of the Malpighian bodies of the kidney of Lucius lucius. 

Lucius reticulatus is the third host species thus far found. Careful 
examination of the sections of the kidneys of the four host fish failed 
to confirm Debaisieux's observation upon the infected Lucius lucius. 

Smaller fish showed apparently comparatively heavier infection 
than larger ones. Two fish, 6.5 and 6.8 centimeters long respectively, 
contained a large number of trophozoites and mature spores in their 
bladders. On the other hand, two large fish, 13.5 and 15 centimeters 
long respectively, showed a number of trophozoites and a few spores. 
The convincing evidence to explain this circumstance is missing. But 
the difference in the size of urinary bladders among small and large 
host fishes may hold some relation between the size of host fish and 
the sporulation of the Myxosporidian. The lack of space along the 
lining epithelium of the bladder in smaller fish, to which the tropho- 



Digitized by 



Google 



KUDO— PROTOZOA PARASITIC IN FRESH-WATER FISHES 169 

zoites attach themselves, may cause the sponilation in much shorter 
time than in larger fish where more space is found than the former. 

Vegetative form. In every case, the trophozoites were small, the 
largest not exceeding 40ft in largest diameter. Form rounded or 
amoeboid (Figs. 10 and 11). Pseudopodia lobose or bristle-like (Fig. 
10). Some individuals do not show any pseudopodium at all, examined 
even soon after the urine was made into hanging drop preparations 
(Fig. 11). The cytoplasm is distinctly differentiated into ectoplasm 



\ 

Figs. 10 to 18, Myxidium lieherkuhni Biitschli. Figs. 10 and 11, trophozoites 
viewed in hanging drop preparations. Figs. 12 to 16, trophozoites at various 
stages of development. Smear, Schaudinn, Giemsa, cedar oil; Fig. 16, the 
trophozoite is extremely thinly spread out. Fig. 17, a fresh spore. Fig. 18, a 
stained spore. Schaudinn, Giemsa. Figs. 10 and 11, X 1500; Figs. 12 to 18, 
X 2100. 

and endoplasm (Figs. 10 and 11). The endoplasm is highly vacuolated 
and granular in structure, and contains droplets of oil. In contrast 
with the larger forms observed by European investigators, the tropho- 
zoites present in my preparations were strikingly uniformly small. I 
had an opportunity of comparing my smears and sections with a beauti- 
ful section preparation of the infected bladder of Lucius lucius pre- 
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pared by Professor A. Prenant of the University of Paris. Besides 
containing small trophozoites similar to those found in my preparations, 
the section showed numerous large individuals reaching 130ft in largest 
diameter. In the section preparations of the infected bladder of Lucius 
retictUatus, the small trophozoites are always seen attached to the 
epithelium, particularly, at the deepest part of the folds of the bladder. 
The changes that take place during the development of the trophozoites 
could not be studied in the fresh condition due to the pressure of other 
work conducted at that time. Uninucleate, binucleate and trinucleate 
trophozoites, particularly the latter, were found in a large number in 
stained preparations. In the trinucleate form, one can easily distin- 
guish one vegetative and two generative nuclei, although the condition 
is in some individuals apparently reversed. Contrary to Leptotheca 
ohlmacheri, the vegetative nucleus divides repeatedly as the generative 
nuclei multiply. There is further seen that the division of the vegeta- 
tive nucleus is far more active than that of generative nucleus. Conse- 
quently, as previous authors noticed, the trophozoites contain numerous 
nuclei of two kinds, one large and the other small. The distinction 
between the two kinds of nuclei is easily done in Giemsa stained smears, 
especially in very thinly spread smears, where one sees larger nuclei 
in dense islands of cytoplasm which stain in beautiful blue color, and 
the smaller nuclei simply scattered in the vacuolated endoplasm (Fig. 
16). Some of the vegetative nuclei seem to undergo degeneration when 
the spore formation takes place. Viewed from the large number of 
uniformly small parasites, there most probably occurs active multiplica- 
tion of the vegetative forms. Since I have not studied the fresh 
material thoroughly, I am unable to make any definite statement. In 
the stained preparations, I have not seen any indication that gemmation 
may take place in the present form as in Leptotheca ohlmacheri. On 
the other hand, I am inclined to think that plasmotomy most probably 
occurs. In sections, many trophozoites are found to form groups. 
In smears, I have quite frequently seen many small individuals 
connected with a somewhat larger one, the number reaching up to eight. 
In such young attached forms, the nuclei of two kinds were recognized, 
varying from 3 to 12 in number. Two spores are formed in one 
pansporoblast. These spores remain attached to "each other even after 
being fully matured. Polysporous and disporous. 

Spore. Studied in fresh state, the spores show the following char- 
acters: Form exactly as was figured by Biitschli (Kudo, 1920, Fig. 
238). Fusiform bent to one side (Fig. 17). The spore membrane is 
comparatively thin. Sutural ridge hardly recognizable. The spore 
membrane is longitudinally striated. Polar capsules are pyriform and 
equal in one and the same spore. Contrary to the observations of 
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I 
Thelohan and Mavor, the coiled polar filament is only faintly visible. 

Dimensions of fresh spores : length 18 to 20fi, breadth 4.5 to 5.5fi, polar 

capsules 5.5/a by 2fi. 

When stained, the nuclei of the sporoplasm are seen rather widely 

separated from each other. 

Trypanosoma remaki Laveran et Mesnil (Figs. 19 to 21) 

Three fish were found to harbor in the blood a species of Try- 
panosoma, whose characters agree with those of Trypanosoma remaki 
described by Laveran and Mesnil (1902) and Minchin (1909). 
According to Laveran and Mesnil, the flagellate seems to have been 
observed by several authors in the blood of Lucius lucius from various 




21 



20 



Figs. 19 to 21, Trypanosoma remaki Laveran ct Mesnil. Figs. 19 and 20, 
var. magna. Schaudinn,. Giemsa, cedar oil. Fig. 21, var. parva. Schaudinn, 
Heidenhain's iron hematoxylin. All X 3300. 

parts of Europe. I have failed to find any North American record 
regarding this Protozoan. 

According to the above mentioned three European authors, the 
number of the flagellates found in blood of the host fish is usually 
small. In the case of Lucitis reticulatus, this was also true. The blood 
smears of two host fish showed one trypanosome in about every tenth 
field under the combination of compensation ocular 12 and apochro- 
matic objective 16 mm., 'while that of the third host, one or two in 
every field under the same combination. In fresh as well as fixed and 
stained smears, active animals were only recognized. Viewed in hang- 
ing drop preparations, the flagellate undergoes very active movements 
by means of its undulating membrane and flagellum. 
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As were noted by the three previous investigators, two types of 
the animals which diifer mainly in the dimensions of the body were 
also recognized in my preparations, although the distinction is not so 
sharply marked as Minchin stated (1909:22). The larger type, var. 
magna (Figs. 19 and 20), measured after smears, fixed in Schaudinn, 
stained with Giemsa and mounted in cedar oil, varied from 30 to 33fi 
in length excluding the flagellum, and showed an average width of 2/4. 
The length of the flagellum seemed to vary, but could not be measured 
accurately due to its poor staining reaction. 

The smaller type, var. parva (Fig. 21), measured in similarly pre- 
pared smears as above, showed the following dimensions : length of the 
body 24 to 27fi, average breadth 1.5/*. 

The difference in the nature of the cytoplasm in the two subspecies 
observed by previous authors, was also noted. I have, however, not 
noticed in my preparations the "coarse granules staining reddish with 
Giemsa stain," observed by Minchin (1909:22). Although not much 
difference in the size of blepharoplasts of two subspecies was noticed, 
they appeared larger in size than those figured by Laveran and Mesnil. 
The nucleus is usually located close to the anterior extremity. It is 
rounded oblong. In smears stained with Heidenhain's iron hema- 
toxylin, a centrally located karyosome was surrounded by chromatic 
granules which were attached closely to the nuclear membrane. In 
Giemsa stained specimens, I have frequently noticed that the nucleus 
has two deeply staining masses located at opposite ends, the central 
part being apparently filled with a fluid which stained poorly (Figs. 19 
and 20). Whether this is a stage in the division of the nucleus, I 
cannot decide at present. I have not seen any individual with two nuclei 
or two blepharoplasts so that I have no datum concerning the multipli- 
cation of the flagellate. 

PARASITES FOUND IN MOXOSTOMA SP. 

Myxidium moxostomatis nov. spec. 
(Figs. 22 to 25) 

Habitat. In the gall bladder of Moxostoma sp. Two fish were 
examined. One female, 30 centimeters long, showed a light infection 
by the present parasite, while the other male, 34 centimeters long, was 
found uninfected. Only a few spores and trophozoites were seen 
floating in the bile when examined. 

Vegetative form. Large trophozoite is a rounded leaf -like body, 
the margin being frequently folded up in the bile. The cytoplasm is 
distinctly differentiated into ectoplasm and endoplasm. Further cyto- 
logical study could not be carried out. No active amoeboid movements 
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of the body were noticed. The largest trophozoite observed reached a 
size of 2 by 1.5 millimeters. Each pansporoblast produces two spores. 
Polysporous. 

Spore. Studied in fresh conditions, the spores show the following 
characters. Broad fusiform. Both ends are equally rounded in view 
at right angles to the sutural line ; while they are pointed toward the 
diagonally opposite directions seen from a point on the sutural plane 
(Fig. 23). The spore membrane is comparatively thin. The sutural 
plane makes an acute angle with the longitudinal axis of the spore. 
The sutural line is straight, but is faintly marked. Fine striae, about 
ten in number on each shell-valve, run longitudinally. The polar cap- 
sules are spherical, and each is slightly drawn out toward its foramen. 
Coiled polar filament is invisible. Dimensions of fresh spores: length 
8.5 to 10.5/jt, breadth and thickness 5 to 6/a, diameter of polar capsules 
3/4, length of polar filament 30 to 35ft. 





22 23 

Figs. 22 to 25, Myxidium moxostomatis nov. spec. Figs. 22 and 23, different 
views of fresh spores. Figs. 24 and 25, Giemsa stained spores. All X2350. 

When stained the sporoplasm shows occasionally a single but 
usually two nuclei. Dimensions of stained spores (smears) : length 
8 to 9fi, breadth and thickness 4.5 to 5fi, diameter of polar capsule 2.5 
to 3/A. 

From the above description, it is clear that the Myxosporidian is a 
species of the genus Myxidium. Compared with 27 species of the 
genus (Kudo, 1920), one finds that the dimensions of the spore do 
not agree with any one of them. In the shape of the spore, it is some- 
what similar to Myxidium ntacrocapstdare (Kudo, 1920: 113), but is 
different in dimensions. Further comparison cannot be made, as the 
vegetative form of the latter species is unknown. Hence, I believe 
this Myxosporidian is a new species, and name it Myxidium mox- 
ostomatis nov. spec. 

2 Myxobolus ( ?) sp. 

In the smears of the kidney of a small fish, 9.5 centimeters long, a 
few isolated spores apparently belonging to the genus Myxobolus, were 
noticed. As the preparations were misplaced, detailed study could not 
be made. 



Digitized by 



Google 



174 THE JOURNAL OF PARASITOLOGY 

In any case, no pathological changes in the external characters or 
internal organs, were recognized. 

SUMMARY 

1. Two new species of Myxosporidia, Wardia lucii and Myxidium 
moxostomatis, parasite in Lucius reticulatus and Moxostoma sp. respec- 
tively, of New York, are described. 

2. A new host fish for Myxidium lieberkUhni Butschli is observed. 

3. Trypanosoma remaki Laveran et Mesnil occurring in the blood 
of Lucius reticulatus, is studied. 
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NOTES ON GREGARINES * 

Minnie Watson Kamm 

This paper includes the description of a single new species of 
^egarine, of the genus Gregarina, taken from a coleopteran host and 
notes on two species discovered by Leidy around the year 1850, belong- 
ing to the genus Stenophora and found in myriapods. 

STENOPHORA LARVATA (Leidy) Ellis (Fig. 1, A and B) 

Host: Spirobolus spinigerus Wood [Spirobolus marginatus (Say); Julus 
marginatus Say]. 

Location: Urbana, 111., August, 1920. 
Habitat : Intestine. 

The present species was found by Leidy in 1849, and is interesting 
because it was the first of the long list of gregarines which he observed. 
He gave to it the name Gregarina larvata for "Gregarina is probably 
the larva condition of some more perfect animal, but ... I have 
not been able to detect any form which could be derivable from it. 
. . . In the state in which Gregarina is found, it would probably 
hold a rank between the Trematoda and Trichina, the lowest of the 
Nematoidea." 

The species has received many other names, being discussed by 
numerous subsequent workers. Labbe (1899) placed it in his newly- 
created genus Stenophora and Ellis (1913) returned to it the original 
species name. A detailed discussion of the species with references to 
the literature will be found in Watson (1916:49-51). In this paper 
I stated '^Stenophora larvata has not been found since Leidy's discovery 
of the species and its validity must be questioned until his work is 
substantiated by rediscovery of this parasite." 

The present notes, then, reestablish the existence of the species, 
although they are confined to the mature vegetative stage only. I have 
opened numerous millipeds in different years but only in one instance 
succeeded in finding this parasite and then but few individuals were 
present. The longest specimen reached 550/i with a maximum width 
of 50/i and ratios of Length protomerite: Total length:: 1 : 22 and 
Width protomerite : Width deutomerite : : 1 : 2.5 ; Leidy's record 
stands Maximiun length 800/i, maximum width 23/1 ; ratio LP : TL:: 
1:20;WP : WD ::1 : 2. 

The protomerite is comparatively small, broadly dome-shaped, 
almost flat on top, and with a minute papilla at the apex. It is but 
slightly constricted at the septum where the outer layer (epicyte) is 



* Contributions from the Zoological Laboratory of the University of Illinois, 
under the direction of Henry B. Ward, No. 185. 
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considerably thickened. Protoplasmic granules in the protomerite are 
much coarser, more sparsely scattered, and more refringent than those 
in the deutomerite. 

The deutomerite is very large in comparison with the protomerite, 
elongate-cylindrical and broadly rounded posteriorly. It possesses con- 
siderable motility, a characteristic possessed by many of the Steno- 
phoridae. The protomerite, however, is rigid. The endocyte is very 
dense and homogeneous, and is black in transmitted light. The nucleus 
is almost completely obscured in life, and is small and spherical. 

The species, unlike many members of the genus, is very susceptible 
to a water medium, ceasing movements almost immediately. The proto- 
plasm is collected in masses within five minutes although the epicyte 
does not rupture, practically the original shape being retained after 
half an hour on the slide. Many species in the genus remain alive and 




Explanation of Figure 1 
A, B, Stenophora larvata (Leidy) Ellis. 
C, D, Stenophora polydesmi (Lankester) Watson. 
£, F, Gregarina anthici nov. spec, (this paper). 

The line under A represents 0.3 mm. ; that under C 0.07 mm., the same mag- 
nification being used for B, C, D, E and F. 

motile for this length of time. No cysts or sporozoites were found. 
One-half the infected intestine was reserved for sectioning, but no 
further evidence of parasitism was found. 

A few representative measurements in microns are appended here: 

a 

Length protomerite 40 

Length deutomerite 510 

Total length sporont 550 

Width protomerite 50 

Width deutomerite 110 

Ratio LP:TL 1:13.7 

Ratio WP:WD 1:2.5 



b 


c 


40 


20 


490 


420 


530 


440 


60 


50 


130 


110 


1 : 13.3 


1:22 


1:2.1 


1:2.5 
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STENOPHORA POLYDESMi (Lankestcf) Watson (Fig. 1, C, £>) 

Host: Fontaria virginiensis (Drury) [Palydesmus virginiensis Drury]. 
Location: Urbana, 111., August, 1920. 
Habitat : Intestine. 

This species also was discovered by Leidy (1853), and its identity 
established by him. It has since been found and described by Crawley, 
in 1903. Some confusion concerning its nomenclature has arisen, and 
a discussion with synonyms will be found in Watson (1916:51-2). 
It only remains to add a hew habitat, a table of dimensions including 
those of the cyst, and minor characteristics of the vegetative stage. 

The specimens found are shorter than those recorded by both Leidy 
and Crawley (900/1 and 400/1 respectively) but are undoubtedly not 
fully mature. Cysts were found measuring 600/i in diameter, which 
indicates much larger sporonts than any of the numerous ones I saw. 

The protomerite is coarsely granular, with a dozen or more large 
angular transparent granules resembling grains of sand collected near 
the septum. There is a slight papilla at the apex with a grouping of 
protoplasmic granules to resemble a pore leading back into the pro- 
tomerite, and which has been so frequently observed by Leger for 
this genus. I am unable to explain the latter phenomenon. The papilla 
is probably a rudimentary structure, possessed by most members of 
this genus. 

The enjdoplasm of the deutomerite is not dense as in many of the 
species of the genus, and Brownian movement can be seen readily 
along the periphery. The nucleus is clearly visible in vivo and is small 
and spherical with one karyosome. One of Leidy's figures represents 
an ellipsoidal nucleus but at a place where contraction of the deuto- 
merite is evident ; his other figures represent it as spherical. 

Measurements in microns of a few specimens follow : 

abed 

Length protomerite 30 30 20 20 

Length deutomerite 150 145 80 70 

Total length sp6ront 180 175 100 90 

Width protomerite 40 40 20 27 

Width deutomerite 80 82 40 50 

Ratio LP: XL 1:6 1 : 5.8 1:5 1 : 4.5 

Ratio WP:WD 1:2 1:2 1:2 1:1.9 

Diameter cyst 600 600 600 

GREGARiNA ANTHici nov. spec. (Fig. 1, E and F) 

Host : Anthicus sp. fam. Anthicidae. (Det. Messrs. Malloch and Alexander.) 
Location: Urbana, 111., June, 1920. 
Habitat : Intestine. 

The host of this parasite is a minute beetle which frequently flew 
into my study through the meshes of the screen. Several hundred 
parasites were often found in an intestine, many of them associated 
in pairs. No anomalies were seen. 
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The body is obese, the deutomerite egg-shaped, widest at or just 
anterior to the middle and well-rounded posteriorly. The protomerite 
varies from a rather high to a somewhat flattened dome. There is no 
constriction at the septum in adults. 

The protomerite is almost transparent, filled with coarse granules, 
while the deutomerite is homogeneous and finely granular, in adult 
specimens very dense and black except at the edges. The nucleus is 
faintly visible in life. In young specimens the deutomerite is tan- 
colored and not dense. The nucleus is spherical and contains one large 
karyosome. 

Live trophozoites were seen through the intestine walls and were 
attached by means of a large simple knob typical of the genus Gre- 
garina. Similar epimerited specimens were found free in the intestine. 
No cysts were found. 

A few measurements of typical specimens in microns follow : 

Primite Satellite 

* ^ ^ * ^ 

a b c a b 

Length protomerite 20 15 20 19 15 

Length deutomerite 90 75 . 80 79 55 

Width protomerite 2^ 30 30 31 22 

Width deutomerite 67 60 60 59 35 

Total length sporont 110 90 100 98 70 

Total length association 208 160 

Ratio LP:TL 1:5.5 1:6 1:5 1:5.1 1:4.6 

Ratio WP: WD 1:2.8 1:2 1:2 1:1^ 1:1.5 

Diameter nucleus 18 20 17 

Literature Cited 
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NOTES ON THE OCCURRENCE OF MONILI- 
FORMIS SP. IN RATS IN TEXAS 

Asa C. Chandler 

Rice Institute 

• 

During the summer of 1920, following the discovery of bubonic 
plague in a number of Gulf Coast cities, including Galveston and Beau- 
mont, the writer was engaged in an examination of rats caught in the 
city of Houston, Texas, to determine the presence or absence of plague 
in that city. 

The rat population of Houston is different from that of any other 
American city, as far as known to the writer, in that from 35 to 40 
per cent, of the city rats belong to the species Epimys alexandrinus, the 
roof rat. In other American cities, including the neighboring cities 
of Galveston, Beaumont and New Orleans, the roof rat constitutes less 
than 5 per cent, of the total rat population. The wharf or Norwegian 
rat, Epimys ftorvegicus, constitutes about 60 per cent, of the total num- 
ber in Houston, whereas the true black r^ty EpitHys rattus, is rare, 
probably less than 1 per cent, of the total. This rat is commonly confused 
with melanistic examples of the wharf rat, which are rather common, so 
that the statistics usually give a higher percentage of Epimys rattus 
than is actually true. A considerable number of rats, probably between 
1 and 2 per cent., though resembling roof rats in their graceful form, 
showed the coloration of wharf rats, and had a tail and ears which 
were intermediate between the two species. Whether these rats should 
be looked upon as a distinct species, or, as seems more probable, 
as intergrades between norwegicus and alexandrinus, has not been 
determined. 

The most interesting parasitological fact brought out by the exami- 
nation of these rats is the common occurrence of Acanthocephala of 
the genus Moniliformis (Travassos 1915). Up to the present time 
these worms have been reported from the United States only in three 
instances. Ward in 1917 described these worms from a squirrel in 
Illinois. He considered his specimens as belonging to a species distinct 
from the Old World form and named it Hormorhynchus {=Monili- 
formis) clarki; a full description of this form has not yet been published. 
Worms of the same genus were previously reported by H. C. Chapman 
(1874) and by Stiles and Hassall (1984) from Sciurus vulpinus and 
Sciurus niger, respectively. Dr. Van Cleave has informed the 
writer that? he has specimens of Moniliformis from Oklahoma also. 

Although the full statistics are not yet available, the percentage of 
adult Houston rats which are infected is approximately 10%, the per- 
centage of infected E. alexandrinus being higher than that of 
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E. norvegicus. The number of worms found in a single rat varies from 
two or three up to between one and two hundred. Not infrequently 
the entire small intestine from just behind the stomach to the ileocecal 
valve is crammed full of the worms, and distended to several times its 
normal diameter. The intestinal walls become thin and flabby from 
the distention, and the circumference of the small intestine may exceed 
three centimeters. With a few exceptions the female worms which are 
mature, i. e., bear eggs with developed embryos, vary from a minimum 




Fig. 1. — Immature acanthocephalan from Norway rat, Epimys norvegicus, 
showing retracted proboscis and immature male reproductive organs. X30. 
a, Hook from proboscis of same worm. X 385. 

of 140 mm. to a maximum of 270 mm. in length. The body is very 
heavily annulated throughout most of its length. The annulations begin 
very fine, a few millimeters behind the cephalic extremity, become coarse 
over the anterior two-thirds of the body, and then become gradually 
less pronounced, the terminal ten to twenty millimeters being practically 
smooth. The diameter of the enlarged portions of the pseudo-segments 
reaches a maximum of 3.2 mm., the adjoining constricted portion being 
from 2 mm. to 2.5 mm. in diameter. When freshly extracted from the 
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intestine the worms are flabby and flattened and resemble taeniae. The 
proboscis measures from 0.55 mm. to 0.6 mm. in length, with a maxi- 
mum diameter of 0.15 mm., about one- fourth the distance from tip to 
base. The hooks are irregularly arranged; their quincunxial disposi- 
tion is not as apparent as in many Acanthocephala. There are in all 
from 17 to 20 hooks in a longitudinal series, if the more or less alter- 
nating ones in two adjacent rows be counted. There are six hooks in 
a transverse row, counting only those in alternate longitudinal rows. 
The lemnisci, even in the largest specimens, do not exceed 5 mm. in 
length, aqid are usually little over 4 mm. The male worms measure 
from 30 to 45 mm. in length, the annulations being close together and 
much less conspicuous than in the female. The testes are less than 
2 mm. in length and either touch each other or are separated from 
each other by a very short interval. The prostate glands are crowded 
together into an oval mass about 1.25 mm. long; the individual glands 
are almost indistinguishable. The eggs measure from 112 to 120/i by 
56 to 60ft, thus conforming more closely with the measurements given 
by Travassos in Brazil (124 to 127 p, by 71 to 74/a) than with those 
usually given by European writers. The embryos inside the eggs 
measure from 80 to 84ft in length. 

In two or three Norway rats specimens of Moniliformis were found 
which were uniformly smaller than the worms usually seen. In these 
rats egg-bearing females measured from 55 to 90 mm. in length. One 
Norway rat contains numbers of these small mature female worms, 
measuring from 55 to 70 mm. in length and less than one mm. in 
diameter, and other larger specimens measuring from 90 to 270 mm. 
in length of which only those females which measure 150 mm. or more 
bear eggs. Some of the males from this rat measure only about 25 mm. 
in length. That the small worms, the dimensions of egg-bearing speci- 
mens of which average less than one-third that of the large egg-bearing 
specimens, especially when occurring in the same host, represent a 
single species seems to the writer highly improbable. Dr. Van Cleave 
suggests that the difference may be explained on the basis of periodicity, 
the smaller worms representing a more recent infection. This, how- 
ever, does not explain the fact that the smaller representatives of the 
large worms, up to nearly three times the length of the smallest egg- 
bearing specimens, are immature, if lack of development of eggs can 
be accepted as a sign of immaturity. 

Without specimens from other places for comparison, it is impos- 
sible to draw conclusions as to the status of the species of Moniliformis, 
three of which have been described up to the present time. The type 
species, M. moniliformis Bremser is described very differently by dif- 
ferent authors, and it is possible, as suggested by Liihe (1911), that as 
usually accepted it is a composite of more than one species. The speci- 
mens described by various writers from rats in Southern Europe, mea- 
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suring from 6 to 8 or 10 cm. in length, may not be identical with the 
specimens from Arvicola and Cricetus, measuring from 12 to 27 cm. 
in length. What the relation of either of these is to the forms found 
in Houston, or to those described by Ward from a squirrel in Illinois 
as M, clarki. or to the South American forms from rats described by 
Travassos, or to M. cestodiformis described by von Linstow from a 
hedgehog in West Africa, can only be determined by careful comparison 
of specimens frorh all these places and hosts. Inasmuch as his work 
has already been undertaken by Dr. Van Cleave at the University of 
Illinois, who is collecting material from various parts of the world, the 
specimens from Texas will be submitted to him for comparison with 
other forms. 

In a single specimen of Epimys norvegicus twelve specimens of a 
small Acanthocephalan worm were found in the lower portion of the 
small intestine. These worms were at first thought to constitute an 
entirely new species, but more careful examination makes it appear 
probable that they are immature specimens of Moniliformis. The 
specimens are all of approximately the same size, and could very possi- 
bly have all been acquired from the ingestion of a single intermediate 
host. None of the females show any signs of developing eggs, and the 
males, though showing all of the male reproductive organs present, 
possess them in an evidently immature state. The worms are flattened 
and show no signs of external annulation ; they taper gradually from 
just back of the proboscis sheath to the posterior end. Their length is 
from 3.2 mm. to 4 mm., the greatest width about 0.5 mm. The pro- 
boscis is retracted in all but one of the specimens, thus making it 
difficult to count the hooks, but there are evidently about 14 in a 
longitudinal row, and approximately six or seven in a transverse series. 
The hooks are all practically alike in size and form. Their character- 
istic shape is shown in figure la. The proboscis sheath is relatively 
large and measures about 0.75 mm. in length; it is retracted some 
distance within the anerior end of the body. There is a pair of power- 
ful and conspicuous retractor muscles attached to its posterior end and 
a second pair at its anterior end. The lemnisci are relatively large, 
about twice as long as the proboscis sheath. The condition and 
arrangement of the male reproductive organs is shown in figure 1. 
The ladder-like lacunar system is very conspicuous, as shown in the 
figure. 

Until further information can be obtained it is impossible to say 
whether these young worms represent a Moniliformis or whether they 
represent an entirely new genus, but the presumption is strongly in 
favor of their being Moniliformis. 
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A number of infection experiments with both the large and small 
forms of adult Moniliformis were carried out on cockroaches of two 
species, namely, Periplaneta americana and Blatella germanica, by 
feeding both adult and young roaches on the feces of infected rats and 
on the egg-filled bodies of the worms, but without any successful 
results in any case. The fact that a rather high percent of rats from 
rice and grain mills and storage houses were infested seems to indicate 
that some grain insect, possibly the rice beetle, Calandra oryzae, may 
act as intermediate host. It is hoped that this point may be cleared up 
in the near future. 
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A CASE OF URETHRAL MYIASIS 

N. Leon 
Professor at the University of Jassy, Roumania 

In 1898 I had the chance to observe for the first time in Roumania 
cases of myiasis. These observations were published in the Archives 
de Parasitologie and also another case in 1900. This time of the four 
larvae abstracted from an abcess in the gum one transformed into a 
fly (Sarcophaga wohlfahrti). I communicated other cases in 1912 and 
again in 1913 a case of creeping disease to the Centralblatt fiir Bak- 
teriologie. 

In July, 1920, a student, M. N. T., 22 years old, came to me and 
related that before going to bed he had urinated eleven worms which 
he brought in alcohol. Some days before he had felt at intervals 
slight tickling sensations accompanied by erections and sometimes by 
ejaculations. On examination of the specimens under the microscope 
we recognized normal larvae of Musca domestica, about 6 mm. long. 

Certain authors, among theJh Leuckart, have declared that it was 
impossible for insect larvae to live in the urethra or bladder on account 
of lack of air. However we believe with R. Chevrel that they find 
in these organs the biological conditions indispensable to their existence 
and development; obscurity, humidity, heat, nourishment and oxygen. 
Nourishment is supplied principally by the mucopurulent secretion, or 
the albuminoid filtrate which lines the walls of the bladder or urethra. 
They obtain oxygen either from the outer air or from the gas which the 
bladder contains in a free state. 

I did not think that this case could be a fake, for the young man 
was a very serious student, robust and in good health. I expressed 
doubt about the cleanliness of the vessel, but the student assured me 
that the urine was clear and the smallest foreign body could be seen 
even at the bottom of the white vessel. I then examined the organ to 
see if by chance flies might not have deposited eggs under the prepuce 
where the larvae might have made their way into the urethra. The 
organ was in a state of perfect cleanliness so I had to abandon this 
hypothesis. 

I recalled the case of Edouard d'Haeneus (1898) ; a patient who 
had eliminated from the urethra larvae of the domestic fly had the 
habit when bathing to inject water into the urethral canal. In this.c^se 
he probably injected into the bladder with the water fly eggs \ fid 
these were later transformed into larvae. The young man said that he 
had never injected water, that formerly when attacked by blennorhagia 
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he had made medicinal injections, but that after his cure (three months 
previously) he had not made a single further injection. In order to 
be convinced that there was really no trace of discharge, I told him to 
press the organ tightly at the base. As he did this he declared that all 
at once he felt a tickling sensation. The organ immediately became 
erect while the patient showed pain and evacuated in my presence 
from the urethra with the sperm eight fly larvae resembling in every 
respect those which he had brought the day before in alcohol. The 
occurrence leaves no room for doubt that this is an authentic case of 
myiasis of the urinary passage. 

July, 1920, was very warm at Jassy. The young man told me 
he slept at night without pajamas covered only with a sheet which he 
threw aside at times on account of the extreme heat. The slight dis- 
charge still present as the last trace of the blennorhagia had been 
sufficient to attract the flies, which as is known have a very well 
developed sense of smell. They had deposited their ^gs in the 
neighborhood of the urinary meatus, and larvae had penetrated into 
the urethra and perhaps even into the bladder. 

The explanation which R. Chevrel gives of the penetration of fly 
larvae agrees fully with this case. The genitalia, imperfectly protected 
by clothing, are visited in the early morning by flies attracted by the 
warmth of the body; if at this time menstruation, recent emission, or 
discharge from the bladder or urethra has left in the neighborhood of 
the urinary meatus any trace of organic matter the flies may easily 
deposit their eggs there. The victims, deep in sleep, cannot protect 
themselves. Placed under the edge of the prepuce or in the folds of 
the vulva the eggs so protected and maintained at a high temperature 
will hatch at the end of a few hours and endowed with remarkable 
vigor and activity the fly larvae incessantly creep about until they end 
by finding the urinary meatus. Thanks to their insignificant size they 
circulate in the mucus without provoking sensible tickling sensations 
and pass easily into the urethra. 

I hoped that the larvae would be transformed into nymphs, but 
two days later all eight were dead. I saw the young man again a month 
later. He told me he had not felt a single one of the symptoms he had 
noted previously. Probably all the larvae had been eliminated naturally. 
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SOCIETY PROCEEDINGS 



THE HELMINTHOLOGICAL SOCIETY OF WASHINGTON 

The forty-fifth meeting of the society was held September 17, 1920. 

Dr. Stiles presented an informal report on the prevalence of entamebae in 
man in the United States, noting that infection with amebae was probably 
more prevalent than was generally believed and citing Kofoid's work in this 
connection. 

Dr. Yoshida presented an abstract of a paper by Dr. Y. Saheki, on experi- 
ments resulting in the successful development of Hymenolepis nana in man, 
rats and mice by feeding eggs from the tapeworms of this species from man. 

Mr. Wigdor presented a note on an unusual and a new species of Diphyl- 
lobothrium in an imported dog, in which he reported the collection of D, fuscutn 
and of a new species of Diphyllobothrium from an imported Russian sheep 
dog. The new species resembles most closely D. cordatum. 

Dr. Schwartz presented a new record of Hymenolepis diminuta from man 
in the United States. The record is based on a number of gravid segments 
collected from the stool of a child 2V4 years old by the child's mother and 
sent to the laboratory by Dr. C. C. DuBois of Warsaw, Indiana, with the state- 
ment that the child had passed several feet of tapeworm on a previous occa- 
sion. Dr. Schwartz noted five published records of this parasite from man in 
the United States, reported by Weinland (1858), Leidy (1884), Packard (1900), 
Deaderick (1907), and Nickerson (1911). In discussion. Dr. Stiles reported 
three unpublished cases, making a total of nine cases, of this worm in man in 
.the United States. Dr. Cort reported that Dr. Malloy had found a case of 
the same sort in Nicaragua. 

Mr. Chapin reported the finding of Hymenolepis farciminosa in the starling, 
Sturnus vulgaris, in this country, indicating that this tapeworm parasite of the 
bird in Europe has been successfully established in this country. 

Dr. Cobb reported that Anguillula silesiae, the eel worm occurring in the 
mats on which the Germans placed their beer steins, had now been found by 
him in rotten peaches. Apparently it feeds on an organism found in decaying 
peaches and probably on the same organism in beer mats. It apparently finds 
favorable conditions in a medium containing a certain content of acetic ether. 

Dr. Hall presented a note regarding Cuterebra larvae from cats, with a list 
of those reported from other hosts. Two new cases from cats were presented, 
one being a case from Washington, D. C, where the larva was present in the 
neck, arid one being a case from I^ashville, Tenn., where the larva was col- 
lected from the nostrils. What appear to be similar cases of Cuterebra in 
the cat have been reported in at least eight instances previously. The paper 
included a summary of published and some unpublished cases of larval Cuterebra 
(including Bogeria and Rogenhofera, subsequently separated from Cuterebra) 
from various hosts, and a key to the genera Cuterebra, Bogeria and Rogenhofera. 

Dr. Hegner gave an informal talk on European parasitologists and the con- 
ditions of their laboratories since the war, having just returned from a trip in 
which he attended the unveiling of the monument to Eduard van Beneden, 
who was, among other things, a parasitologist. 

Dr. Cort presented a note on sex in the Schistosomes (since published in 
Science, 53:226-228). 

The forty-sixth meeting of the society was held October 23, 1920. Dr. 
Hassall was elected president and Dr. Hall secretary. 

Dr. Cort called attention to a species of fluke described from man in Japan 
by Onji and Nishio in 1915. This work was done in Miyairi's laboratory, 
but has apparently never been noted in the literature outside of Japan or in 
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any language except Japanese. The fluke, Heterophyes nocens, occurs in the 
southwestern part of the largest of the Japanese islands and was first found 
by Onji, a practicing physician. It is only known from two villages and 
occurs in 22 to 30 per cent, of their inhabitants. The final larval stage occurs 
in a fish, Mugil japonicus, which is customarily eaten raw. The life history 
has been experimentally demonstrated by feeding infested fish to dogs. In the 
primary host, the fluke occurs free in the intestine or attached to the intestinal 
villi. It is very similar to Heterophyes heterophyes, but is smaller. H. nocens 
is 0.9 to 1.1 mm. long. The rodlets of the genital sucker are about sixty in 
number, instead of seventy to eighty as in H. heterophyes. The intestinal ceca 
are unequal in length and extent. The encysted larva is one-third as long as 
the adult. When these larvae are fed to dogs, they become mature and egg 
production begins in seven to eight days. 

Dr. Cort also noted that the eggs of Metagonimus yokogawai were long 
confused with those of the more dangerous Clonorchis sinensis and that the 
latter worm is not as common as was once thought. The eggs of Clonorchis 
are often shouldered at the operculum, whereas those of Metagonimus and 
Heterophyes are not shouldered, but have a smooth oval outline. 

Dr. Bartsch called attention to the fact that the parasitologists had not been 
represented at the Pan-Pacific Congress, though the nature of the Congress 
was such that they should have been represented. He also noted the receipt 
from Dr. Yoshida of specimens of the snail which is the intermediate host of 
Schistosoma japonicum from Dr. Yoshida; the correct name of the snail is 
Blanfordia japonica (Adams, 1861). 

Dr. Bartsch reported that a number of Japanese molluscs had been intro- 
duced into California and established there, and commented on the danger of 
such introduction, noting that Paragonimus had successfully established itself 
in Peru. This danger was emphasized in the discussion by Dr. Cort, and Dr. 
Stiles noted the occurrence of a doubtful case of schistosomiasis in the southern 
United States. 

Dr. Boeck reported the examination of 157 individuals for amebae. A 1 per 
cent, aqueous solution of eosin was found to stain everything in a smear 
preparation of feces except protozoa and certain fungous cysts. An ordinary 
smear requires a half hour to examine thoroughly for protozoa, whereas with 
suitable technique it is expected to cut this time to ten to twelve minutes. At 
least two preparations are examined before a negative report is made. The 
iodine stain is used to differentiate species of amebae, and, if necessary, iron 
hematoxylin is used. Permanent preparations are made and flled; The exam- 
inations are complicated by the occurrence of flagellates. So far only two cases 
of E, histolytica have been found, with over twenty cases of E. coli, and about 
ten cases of Giardia. There were a total of fifty-seven cases of protozoan 
infections, eight cases where two species of parasites were present, and three 
cases where three species of protozoa were present, one of these cases being 
complicated by hookworm infestation. Dr. Ransom reported that he had once 
been infected with Chilomastix, the infection terminating of itself without 
treatment. 

Dr. Ransom presented a note by Dr. Raffensperger on ascariasis in swine. 
Of ninety-three pigs farrowed from ten sows on a farm in Illinois, late in 
September, only 55 were left alive in October. Two of these were killed and 
examined postmortem, numerous ascarid larvae being found in the lungs. Seven 
larvae were found on one slide in a bit of mucus from the air passages, and 
twenty-two young worms were found in a small amount of the duodenal con- 
tents of one of the pigs. The pigs showed symptoms of "thumps." The pre- 
vious year worm-infested pigs had been kept several months in a small orchard, 
where they had also passed numerous ascarids after anthelmintic treatment. 
This orchard, which had thus become badly contaminated, was used as a pasture 
for the sows and new-born pigs above mentioned. The findings in this case and 
similar cases speak for the abolition of the permanent hog lot so far, at least. 
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as young pigs are concerned. Clean pens, clean udders in the case of sows 
at the time of farrowing, and clean or only slightly contaminated pasture can 
be secured under farm conditions and will prevent serious infestation. 

Dr. Ransom also reported the guinea-pig for the first time as a host of 
Hymenolepis nana, or H, n, fratema if one regards the form from rats as a 
variation of the form in man. A guinea-pig had been kept with rats and 
became infested, presumably from the rats. It had about a dozen of these 
tapeworms, all iihmature, the largest being 3 mm. long and having fifty to sixty 
segments. The primordia of the genitalia were present. 

Mr. A. H. Clark discussed the questions of parasitism, commensalism, etc. 
among marine animals. 

Dr. Hegner presented a note in regard to bodies found in the red blood 
cells of the bull frog and the green frog on Long Island, New York (pub- 
lished in this number of the Journal). 

Dr. Stiles reported more fully on his three unpublished cases of Hymenolepis 
diminuta from man, briefly mentioned at the previous meeting of the society. 
In one case the specimens were collected by Dr. Talcott at Greenwood, Neb., 
in 1906; in another by Dr. Constance at Washington, D. C, in 1911, and in 
another by Dr. Leonard at Gastonia, N. C, in 1912. 

Dr. Stiles also presented the following note: 

A scans lumbricoides caught in the eye of a shoe-button. (Published in 
J, Am. M. Assn., 76:239.) 

The forty-seventh meeting of the society was held at Baltimore, Md., 
November 20, 1920. 

Miss Cram presented the following note: 

A CASE OF NANISM IN STRONGYLUS VULGARIS AND OBSERVATIONS ON THE 
LEAF CROWNS IN SPECIES OF STRONGYLUS 

An abnormal specimen of Strongylus vulgaris was collected by Dr. Hall 
from a horse at Bethesda, Md. The specimen is a male of the same width as 
the normal males of this species, but is only about half as long, being 8 mm. 
long instead of 15 or 16 mm. In all other respects it appears normal. 
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When mounted the head was bent in such a way as to give a view of the 
anterior extremity as seen from the front and side, and it was noted that the 
outer elements of the leaf crown were not the simple structure ordinarily 
observed in strongyles possessing leaf crowns, but were split up into smaller 
elements (Fig. 1). On dissecting several normal specimens of Sir. vulgaris, it 
was discovered that each of the initial basal elements was fringed out in the 
distal portion to form several finer tips, some elements showing as many as 
eight of these divisions. The elements of the leaf crowns of Sir. equinus and 
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Str. edentatus, on the other hand, when similarly dissected, proved to be the 
usual simple, one-pointed stnictures. Those of Str. edentatus (Fig. 2) are 
slightly more complex than those of Str. equinus (Fig. 3), as the former have a 
thick ridge at about half the length of the leaves from the base, the distal por- 
tion bending forward and in toward the longitudinal axis of the worm, a feature 
which is not present in the quite simple leaf elements of Str. equinus. These 
variations from the extremely simple leaf elements of Str. equinus through the 
slightly more complex elements of Str. edentatus to the elaborate elements in 
Str. vulgaris do not seem to have been previously noted. 

Dr. W. G. MacCallum presented the following note: 

CHEMOTHERAPY IN INFESTATIONS WITH DIROFILARIA IMMITIS 

Dogs imported into the Fiji Islands commonly die in the course of eighteen 
months as a result of the plugging of the pulmonary artery with Dirofilaria 
immitis. The writer undertook to investigate the effect of a number of drugs 
on the larvae in the blood by tests in vitro under the microscope. Most drugs 
were found to be ineffective in a dilution compatible with their administration 
by intravenous injection. Quinine was lethal to the parasites in dilutions of 
1 : 5,000 and emetin in dilutions of 1 : 7,000. On intravenous injection in these 
dilutions, quinine killed the dogs before it killed the worms, but emetin was 
tolerated. The efficacy of the emetin treatment was not ascertained. 

In the discussion Dr. Ransom noted Rogers* use of tartar emetic (the 
sodium salt) for filarial infestations, and Dr. Hall noted Schultz* use of 
collargol for filariae. It was also noted that the record of D. immitis from 
man is an error due to mislabeling. Dr. Grant reported that he had given 
tartar emetic in doses of 1 to 2 grains in 1 per cent, solutions without obtain- 
ing conclusive results. 

Dr. Hegner reported the finding of a new blood parasite in the frog. The 
parasite is a protozoan which occurs free in the blood stream. It has the form 
of a disk with an undulating membrane originating on the concavity of the 
disk. The same frogs contain trypanosomes and Lankesterella in the blood, 
raising the question as to whether the new form is a stage in the life history 
of one of these forms. 

Dr. Ransom presented a note ty Drs. Ransom and Raffensperger on the 
development of Arduenna strongylina in the guinea-pig> Last summer Dr. 
Ransom examined speciments of Onthophagus hecate and other species of copro- 
phagous beetles collected in hog pens near Bloomington, 111., and found them 
commonly infested with larval nematodes, 1 to 2 mm. long, encapsuled in 
the body cavity. These larvae correspond to forms recorded by Seurat (1916) 
as occurring in coprophagous beetles in Algeria and identified by him as the 
larvae of Physocephalus sexalatus and Arduenna strongylina, the adults of 
which are common parasites in the stomach of the hog. The larvae of the 
two species as described by Seurat are very similar but may be distinguished 
from one another by the different location of the nerve ring and the presence 
or absence of spines on the tip of the tail. Recently Dr. Raffensperger at Chicago 
fed ten larval nematodes isolated from coprophagous beetles collected in a hog 
pen to a guinea-pig. Eleven days later he killed the guinea-pig and recovered 
from the contents of the pyloric portion of the stomach a small nematode which 
he suspected was an Arduenna strongylina. The specimen has been examined 
by Dr. Ransom and found to be a male of the species in question in the last 
larval stage preceding the adult stage, indications of an ecdysis about to occur 
being evident. It measured 5.8 mm. in length with a diameter of 160m in 
the middle of the body. The full grown adult male commonly measures 10 to 
15 mm. in length and 300^ or more in maximum diameter. Accordingly the 
young worm from the guinea-pig, had it been permitted to continue its develop- 
ment, besides undergoing an ecdysis which was impending, would have had to 
grow considerably before attaining the full size of the adult as it is commonly 
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found in hogs. During a period of 11 days in the guinea-pig it had grown to 
about three times the size of the larva as it is found encapsuled in beetles, 
and had undergone probably one molt, meanwhile developing from the third to 
the fourth or last larval stage and reaching a point in its development at which 
it was nearly ready to transform into the adult stage. Including the present 
case the nematodes recorded as occurring in the guinea-pig are Trichinella 
spiralis, Gongylonema neoplasticum, Ascaris lumhric aides and A. suum (larval 
stages), Arduenna strangylina (last larval stage), all from artificial infections 
with which may also be included various species of hookworms and Strongy- 
loides whose larvae will live temporarily in this host, and finally Paraspidadera 
uttcinata (natural infestation). The last named species was originally recorded 
by Travassos (1914) from the large intestine of the guinea-pig and related 
rodents in South America. It has been found by Ransom in guinea-pigs reared 
at Bethesda, Md., but apparently has not heretofore been reported in the 
United States. 

Dr. Ransom also presented a note on some unusual parasites of the domestic 
hog. Three specimens of hookworms collected by Dr. S. Hadwen from the 
stomach of a pig at the Central Experimental Farm, Ottawa, Canada, Septem- 
ber 4, 1919, were forwarded to the U. S. Bureau of Animal Industry for 
determination. These specimens, all females, two of which were immature, 
have been found to be Uncinaria stenacephala Railliet or U. p alar is Looss. 
U, stenacephala occurs in dogs in Europe and U. palaris in foxes in North 
America. The two species are probably identical. In the Bureau of Animal 
Industry collections are some specimens of the common hookworm of sheep, 
Bunastamum triganacephalum, labeled as collected from the pig by Dr. Cooper 
Curtice in May, 1890. In the same collections are also specimens of nematodes 
somewhat resembling hookworms collected from the small intestine of pigs 
by Dr. F. L. Kilborn at Washington, D. C, in May, 1890, and by Ransom at 
Bethesda, Md., in October, 1906. These belong to the species Crassisama 
urosubulatum described by Alessandrini in 1909 from the pig in Italy. So far 
as known it has not heretofore been reported in the United States. 

Dr. Schwartz presented a note on the Effect of Secretions of Certain Para- 
sitic Nematodes on Coagulation of Blood. (Published in the Journal, 7: 144.) 

Dr. Root presented the following note: 

A CASE OF • INTRA-UTERINE PUPATION IN THE SHEEP TICK 

The sheep tick, contrary to the usual condition among insects, is pupi- 
parous, and the egg is not deposited as such, but is carried in the body until 
it forms a puparium. In a number of specimens recently examined, one tick 
was found dead and on dissection was found to have in the uterus a puparium 
containing a fully mature young tick. In this case the death of the mother 
tick did not stop the development of the young tick, contrary to what is true 
of such flies as the tse-tse. 

Dr. Simon presented the following note: 

GIARDIA IN FIELD MICE IN NOVA SCOTIA 

Of the field mice in Nova Scotia, 85 per cent, are affected with Giardia. 
apparently G. micrati of Kofoid. The finding is of interest in connection with 
the question as to whether man becomes infested with Giardia from rodents. 
Grassi thought this was the case, believing that infection occurred through the 
feces. But rodents have been found to harbor several species of Giardia. 
G. micraPi closely resembles the human form. Attempts by the writer to infect 
wild rats with the human species have failed, though these rats could be 
infected with G. muris and the infection carried successively through white rats 
to white mice and vice versa. An experiment is now under way to determine 
whether the species from field mice in Nova Scotia can be transmitted to wild 
rats by feeding. 
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Dr. Boeck noted the presence of Giardia microH in Peromyscus gatnbelli. 
Dr. Boeck also presented the following note: 

A PROTOZOAN SURVEY OF AN INDUSTRIAL SCHOOL FOR BOYS AND GIRLS 

Total number of cases examined 83 

Total number of examinations 444 

Average number of examinations per case 5.3 

Total number of positive examinations 250 

Total number of negative examinations 194 

Total number of positive cases 66 79.5% 

Total number of ne^tive cases 17 20.4% 

Number of persons mfected with protozoa 64 77.1 % 

Number of persons infected only with protozoa 55 66.2% 

Number of persons infected with worms 11 13.2% 

Number of persons infected onlv with worms 2 2.4% 

Number of persons infected with protozoa and worms 9 10.8% 

Number of cases of: 

E. histolytica 9 10.8% 

E. coli 41 49.3% 

Endolimax nana 5 6.0% 

lodamoeba butschlii 1 1.2% 

Giardia intestinalis 40 48.1 % 

Chilomastix mesnili 1 1.2% 

Hymenolepis nana 4 4.8% 

Hookworm 2 2.4% 

Ascaris 4 4.8% 

Oxyuris 1 1.2% 

Trichuris 2 2.4% 

Cases with a single infection of protozoa 37 * 44.5% 

Cases with a double infection of protozoa 22 26.5% 

Cases E. cdi and Endol. nana 2 

E. coH and E. histolytica 3 

E. coli and Giardia 14 

E. coli and Chilomastix ^ 1 

E. histolytica and Giardia 1 

Giardia and Endol. nana 1 

Cases with triple infection of protozoa 4 

E. histolytica and giardia 2 

E. coli, £. nana and Giardia 2 

Quadruple protozoan infection 1 

E. histolytica^ E. coli, loda., Giardia 1 

Single worm infections 10 

Triple worm infections 1 

i 

In the discussion of Dr. Boeck's paper, Dr. Simon noted the theory that 
infection with these parasites was most apt to occur in the "crawling stage" 
of childhood, with its accompanying difficulty in the matter of proper sanita- 
tion. In this connection he noted that field mice could be infected with Giardia 
in the absence of water. Dr. Welch called attention to the fact that variations 
in the degree of protozoan and worm infestation reported by various observers 
was due in part to differences in skill and technique on the part of these 
observers. Dr. Boeck noted that these variations were due in part also to 
variation in the distribution of the parasites in the feces. 

Dr. Hall presented a note proposing new generic names for the species 
Strongylus rubidus Hassall and Stiles and for Filaria osleri Cobbold. He also 
noted the presence in St. rubidus and in Omitho strongylus quadrvrctdiatus 
(Stevenson) of peculiar accessory structures, which were described by the 
authors of these species. He found that these structures stain well with gentian 
violet and as they are very transparent he suggested that other nematodes be 
examined by means of this stain, as it appears that the structures are much 
commoner than is indicated by the lack of records regarding them. These 
structures serve to support the cloacal aperture, the terminal portion of the 
cloaca, and the genital cone. He proposed the name telamon for such a 
structure. Gentian violet is a very amenable stain which seems well adapted to 
the study of this structure and of the bursal rays and some other nematode 
structures. 

Dr. Cort presented a note on Prenatal Infestation with Parasitic Worms 
(Published in the /. Am, M, Assn., 76: 170-171.) 

Dr. W. H. Welch made some interesting remarks, calling attention espe- 
cially to a new synthetic arsenical, tryparsamide, which had been found very 
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effective against Tr. gambiense, although apparently of little value against Tr, 
rhodesiense. In using it on African natives, it was found that the natives 
raised no objection to intravenous injection, but objected to intramuscular 
injections. 

The forty-eighth meeting of the society was held December 10, 1920. 

The following were proposed for active membership : D. L. Augustine, Elery 
R. Becker and Charles E. Simon, by Dr. Cort; W. G. MacCallum, by Dr. 
Ransom; and were duly elected. 

Dr. Hall presented a note in regard to carbon tetrachloride as an anthel- 
minthic for use in removing hookworms. Tests of this drug on thirty dogs 
showed that in comparison with similar tests of other substances used to remove 
hookworms, carbon tetrachloride was much more effective, removing all of 
the worms with considerable certainty when administered in capsules in doses 
of 0.3 mil per kilo of weight of dog without purgation. It was given with 
safety in doses of 1.5 mils per kilo, without the production of evident toxic 
symptoms or postmortem lesions macroscopically visible. It also removed 
ascarids, being but slightly less effective than chenopodium for this purpose. 
Carbon tetrachloride is cheaper than other drugs now in use for removing hook- 
worms. A chemically pure product must be used. 

In comment, Dr. Stiles noted that chenopodium and thjrmol are the only 
drugs extensively used at the present time. Caius and Mhaskar have recently 
stated that there are no records of deaths from thymol; Dr. Stiles reported that 
he knew of about sixteen deaths from this drug. Chenopodium has a death list 
of about 70, according to a recent writer; Dr. Stiles noted that three deaths 
had occurred in one day in Kentucky from^this drug. Chenopodium is not 
uniform in its composition, a fact which adds to the danger of using it. The 
cost of treatment is an important factor in large-scale hookworm campaigns. 
With any anthelmintic the field worker must run some risk, the risk in his case 
being greater than that in private practice or in hospital work, but the risk is 
offset by the actual and potential benefit. Carbon tetrachloride, if found satis- 
factory in human medicine, would have the advantage of being cheap of itself 
and saving the cost of purgation. 

In further comment, Dr. Cort noted that there had been some rioting in 
Ceylon, following deaths from chenopodium poisoning. 

Dr. Stiles presented the following charts covering effects of temperature 
on hookworm eggs and larvae and on fly eggs and larvae: 

Condensed Hookworm Thermometer 

8 to 10** C. (46.4 to 50** F.) : This is the lowest demonstrated temperature at 
which hookworm eggs, placed under favorable conditions, will segment and 
will hatch out larvae that reach the infecting stage. 

8 to 18** C. (46.4 to 64.4** F.) : In this range of temperature, hookworm larvae 
are sluggish to motionless. 

20 to 35** C. (68 to 95** F.) : Favorable to hookworm development and motility. 

25 to 30** C. (77 to 86** F.) : Optimum for development of hookworm eggs and 
larvae and for motility of larvae. 

35 to 40* C (95 to 104** F.) : Less Javorable to hookworm development and 
motility. 

40 to 50** C. (104 to 122'' F.) : Eggs have been observed to hatch at 40** C, 
but in general constant temperatures above 37"* C. are reported as unfavor- 
able to fatal for eggs and larvae. However, both eggs and larvae can stand 
40 to 50** C. for a few minutes and survive. 

50 to 60** C. (122 to 140** F.) : Fatal to eggs and larvae in 1 to 5 minutes. 

Above 60** C. (above 140** F.) : Fatal to eggs and larvae almost instantly. 

The data for a house-fly thermometer do not seem to be so extensive as in 
the case of hookworms, but the following points quoted by Howard (1911), are 
of distinctly practical importance. 
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Condensed House-Fly Thermometer 

72^ C. (45** F.) : Eggs of Musca domestica did not develop until brought into 
a warmer temperature. 

12.2* C (54** F.) : Larvae had not matured at end of 8 weeks. 

15.6** C. (60** F.) : Eggs have been hatched in 12 hours. 

18J to 23.9" C (65 to 75** F,) : Duration of life found was 3 weeks. 

23.9 to 26.7* C. (75 to 80* F.) : Eggs have been hatched in 8 to 12 hours. 

322 to 36.7* C. (90 to 98* F.) : Larvae mature in shortest period in ferment- 
ing materials. 

37 A to 43.3* C. (100 to 110* F.) : LaiVae leave the hotter portion of manure. 

These charts indicate the temperatures under which sanitation is most 
urgent and those under which sanitation becomes a matter of less importance 
and urgency. Above and below the favorable temperatures, compromise mea- 
sures in sanitation become possible. If feces can be pasteurized, hookworms 
may be killed in this manner. Diet is an important factor in this connection. 
Where much meat is eaten, as in northern climates and in city workers, the 
feces offer less favorable conditions for hookworm development than where 
little meat is eaten, as in southern climates and in rural districts. 

In an additional note. Dr. Stiles stated that ground water pollution must 
be regarded as a standard in sanitation. This is true as regards the storage 
and disposal of excreta. Dr. Cox in Virginia has found coal gas tar and 
kerosene of value in preventing fly breeding. Working independently. Dr. 
Stiles, at a later date, tested coal gas tar and found its use a very cheap and 
effective control measure for flies. The tar costs 5 to 20 cents a gallon, depend- 
ing on whether it is purchased in car load lots or by the gallon. Added to 
feces it does away with the necessity for screening against flies. Since dark 
privies attract anopheline mosquitoes, malaria carriers, light privies may be 
used with the tar without attracting flies, as light privies do. The mixture of 
tar and excreta may be ultimately dumped and covered with sawdust, without 
subsequent fly breeding. A gallon of coal tar to a cubic yard of soil does not 
appear to inhibit the growth of vegetation. 

In comment. Dr. Hall noted that empty tar barrels standing in the hot sun 
must be regarded as possibly dangerous, as a newspaper has published one 
instance in which throwing a lighted match in an empty barrel of this sort 
caused an explosion with the death of one person resulting. 

Dr. Cort reported that the Department of Medical Zoology, School of 
Hygiene and Public Health, Johns Hopkins University, would undertake investi- 
gations in Trinidad under the auspices of the Rockefeller Foundation in regard 
to hookworm larvae in soil and the factors of importance in this connection. 
This work will be carried on in the summer of 1921 in collaboration with Dr. 
Payne of Trinidad, the party from the United States to consist of Drs. Cort 
and Ackert and Mr. Augustine. 

Mr. (Thapin reported the occurrence of Dipylidium sexcoronatum in the cat, 
the specimen being collected at New Haven, Connecticut. 

Dr. Schwartz presented the following note: 

SUMMARY OF LITERATURE ON EFFECTS OF EXTRACTS OF PARASITES ON 
PATHOGENIC BACTERIA 

Andre (1878) reports that Taenia infestation in cases of pulmonary tuber- 
culosis in man has a beneficial effect on the patient by retarding the course 
of the disease. Granger (1897) corroborated this view on the basis of his 
clinical findings. 

Picou and Ramond (1889) found that extracts of Taenia inhibit the growth 
of various pathogenic microorganisms in vitro. These writers also state that 
injections of Taenia extracts into guinea-pigs rendered them more or less 
refractory to infections with the cholera organism, since nine out of ten 
guinea-pigs thus treated survived. Jammes and Mandoul (1904) failed to find 
bactericidal properties in Ascaris fluid. They also found that many pathogenic 
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bacteria were unaffected by extracts of Taenia pisiformis. They found, how- 
ever, that extracts of Moniezia expansa retard the development of certain 
pathogenic bacteria in vitro. Jammes and Mandoul also state that injections of 
extracts of Taenia and tubercle bacilli give rise to a slower development of 
tuberculosis with resultant milder lesions than the injection of tubercle bacilli 
without Taenia extract. 

Joyeux (1906) found that in a general way extracts of nematodes are not 
bactericidal but that extracts of cestodes possess bactericidal properties. 

Perroncito (1912) failed to confirm the results of previous investigators 
concerning the retarding influence of Taenia extracts on the development of 
tuberculosis in guinea-pigs. He found that guinea-pigs injected with Bacillus 
tuberculosis developed as intense lesions as guinea-pigs injected with tubercle 
bacilli alone. Perroncito found, however, that dysentery bacilli (Flexner and 
Shiga) do not develop in Ascaris fluid. Like wise, he found that extracts of 
species of Anoplocephala from the horse are bactericidal to dysentery organ- 
isms (Shiga type). 

Alessandrini (1912) found that extracts of several species of cestodes and 
nematodes retard the development of certain pathogenic bacteria in vitro. 
Anthrax organisms showed the greatest susceptibility to these extracts. Ales- 
sandrini also found that the administration of Ascaris fluid and Bacillus pyo- 
cyaneus into dogs per os brought about the disappearance of the bacteria since 
they could not be recovered in the feces. Control dogs fed Bacillus pyo cyaneus 
showed the organisms in the feces. He obtained similar results in dogs har- 
boring Taenia pisiformis, showing that this parasite is detrimental to Bacillus 
pyocyaneus. This writer found moreover, that chickens harboring Heterakis 
papulosa were practically immune to fowl cholera. 

Perard (1912) examined post mortem 300 tubercular cattle and 300 non- 
tubercular cattle with a view of determining the incidence of tapeworm infection 
complicated by tuberculosis. He reached the following conclusions: 

1. Tuberculosis is found in the same frequency in cattle infested with tape- 
worm as in cattle free from tapeworms. 

2. Tubercular lesions are frequently found in the neighborhood of tapeworm 
lesions. 

3. There are as many advanced cases of tuberculosis and tapeworm infesta- 
tion in cattle as there are cases of incipient tuberculosis and tapeworms. 

Despite the contradictory evidence, it must be admitted that the published 
data warrant the belief that certain parasitic worms contain bactericidal sub- 
stances. The bactericidal substances are specific for certain microorganisms 
and do not appear to influence the growth and development of other organisms. 

The writer found that physiological salt solution extracts of Ascaris 
lumbricoides inhibit to a considerable extent the growth of Bacillus pyocyaneus 
in vivo and in vitro. One series of experiments on guinea-pigs yielded the 
following results : 

Two guinea-pigs injected subcutaneously with Ascaris extract and Bacillus 
pyocyaneus showed a small localized, non-suppurating abscess at the site of 
injection. The animals survived. Two control guinea-pigs injected with mate- 
rial from the same culture, without the extract, developed large abscesses which 
extended over the entire abdomen and which resulted in death of the animals 
after several weeks. 

In connection with the bactericidal properties of parasitic worms, it may be 
noted that shortly after the rise of bacteriology as a medical science, para- 
sitology lost considerable prestige among medical men. Prior to the discovery 
that many diseases of man, well known clinically, were caused by specific 
bacteria, worms were considered by many medical "authorities" as causative 
agents of various diseases. Relegated from its one time important position, 
parasitology became a neglected field of medicine. As a matter of fact worms 
came to be regarded by some writers as beneficial to the host and were said 
to be "the guardian angels of children." Guiart (1914) considers the views of 
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Alessandrini (1912) with reference to the bactericidal properties of parasitic 
worms as an echo of the view of the alleged beneficial role of parasites in 
the economy of the host. 

In comment. Dr. Stiles noted that the removal of hookworms from patients 
suffering from tuberculosis led to improvement in the tuberculosis, and that 
in some parts of Kentucky the incidence of hookworm disease was said to coin- 
<nde in general with the greatest incidence of tuberculosis. 

Dr. Bartsch exhibited a turbellarian worm (Leptoplana sp.) parasitic on 
oysters and doing considerable damage to oyster beds in the Gulf of Mexico. 

Dr. Cobb presented notes as follows: 

A serious disease of the cocoanut palm, due to nematodes, has from time 
to time appeared in the West Indies and, in certain parts, wiped out the indus- 
try. It has now appeared in Panama. The cocoanut palm is a very impor- 
tant plant, its oil content being of such value that it would be a very important 
•competitor with butter, except for its lack of vitamines. 

A nematode was reported from the hot springs in the Yellowstone Park, the 
worm living at a temperature of 53** C. 

Results of further study of rhabditin, a substance in nematodes which was 
previously discussed before the society, were reported. Of eighty nematode 
genera examined, forty-four showed no birefringent granules, though very 
small ones might have been overlooked. These granules present in the other 
thirty-six genera have been named by adding the suffix m to the generic name. 
Sometimes there are six or seven types in one organism, usually in the intes- 
tine. They are divided into two classes, one anabolic and one katabolic or 
excretory, and these classes are indicated by the prefix ana and kata, thus, 
anarhabditin and katarhabditin. In the case of such nematode genera as end 
in us, this is dropped, thus, anoncholaimin. Little is known about these sub- 
stances in parasites. Anarhabditin is of interest, since this substance is used 
up in reproduction, the granules nearest the genitalia disappearing first. Plasts 
or shells of the rhabditin are left behind in the cells. The anabolic granules 
are usually spheroidal or ellipsoidal, while the katabolic granules are sometimes 
true crystals. 

The forty-ninth meeting of the society was held January 29, 1921. 

Dr. Cobb presented a note on nematodes collected by the Canadian Arctic 
Expedition under Stefansson. He has in his possession now nematodes from 
the North and South Polar region, including land and fresh water forms. 
The free-living nema collection of the Canadian Expedition is a large one, 
totaling 7,404 specimens, all of which have been examined. These were mounted 
on slides and charted under low magnification (X 5) by means of camera lucida. 
the chart showing the specimen number and identification, each specimen being 
distinguished by a record of position, form and size. Of the specimens, 70 per 
■cent, were species of Plectus, and of these 50 per cent, belonged to two species. 
Many specimens showed evidence of a microzoan disease, and the same is true 
of Antarctic Plecti. There are a total of twenty-two genera and forty-seven 
species represented. About SO per cent, of the species are common much 
farther south, many occurring in the vicinity of Washington, D. C, and in the 
tropics, and such species must be regarded as truly cosmopolitan. 

This material afforded an opportunity to make a study in measurements. 
Fully mature, perfect specimens, perfectly preserved and exactly in profile, 
when carefully measured showed as much as a 50 per cent, variation in actual 
length while the ratios utilized in nematode formulas were quite definite and 
constant. 

In the discussion, Dr. Bartsch noted the probable importance of wild fowl 
as carriers of free living nemas, reporting that molluscs showing (fertain aber- 
rations occasionally appeared in various localities and then died out, probably 
"having been carried in on the feet of wild fowl, developing in the new and 
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unsuitable environment in an abnormal manner, and then dying out. In newly 
made ponds or lakes, the mollusc fauna of bodies of water some distance away 
has been seen to appear very soon, probably being brought in on the feet of 
various water birds. 

With reference to variations after maturity in parasitic worms, Dr. Cort 
noted that schistosomes may begin egg-laying, indicating maturity, and sub- 
sequently grow three or four times as large. He also raised the question as 
to whether a parasitic species does vary considerably with different host species. 
*Dr. Ransom sustained the contention that a worm species does vary with the 
host species, pointing out that Syngamus trachealis attains a length of 20 to 
25 mm. in the chicken and 40 to 45 mm. in turkeys. 

Dr. Bartsch reported on a number of molluscs obtained from dealers .in 
aquarium supplies sent him by Dr. Stiles for determination with reference to 
the possibility of the introduction of fluke diseases through the importation 
of snails for use in aquariums. Two of the forms examined are Japanese^ 
Planorbis and Vivipara, a third species being an Ampullaria, evidently Ameri- 
can, as it has a homy operculum, the operculum in Asiatic species being 
calcareous. 

Dr. Bartsch also noted as of interest to helminthologists in view of the 
historical association of shipworms with the subject of helminthology, that 
shipworms on the West coast of the United States have cost the United States 
navy at least $25,000,000. A matter of interest is that no European species 
have become established in the United States so far as known, probably 
because the era of wooden ships ended before these worms could become 
established and also because of essential differences in environment. Species 
are sharply restricted in distribution by their requirements in respect to fresh, 
brackish or salt water. 

Dr. Ransom presented a preliminary report by Dr. Ransom and Miss Cram 
on the course of migration of ascarid larvae in the body. Stewart suggested 
that the larvae probably went by way of the portal system to the liver and 
thence by the hepatic veins and vena cava to the heart and pulmonary arteries 
to the lungs, but possibly by way of the gall duct to the liver and thence to 
the heart and lungs. Ransom and Foster regarded the route by way of the 
liver as the probable one. Yoshida reported that larvae went to the abdominal 
cavity and thence to the lungs and elsewhere by penetration of tissue, migration 
by way of the blood vessels being considered of minor importance. Ransom 
and Cram are unable to confirm Yoshida's findings. They find the larvae in 
large numbers in the circulatory system, including the portal vein, vena cava and 
right side of the heart. In sections of the liver from animals infected the day 
before, the larvae are often found in the blood vessels but never in the biliary 
canals. In less than twenty-four hours they have been found in the superficial 
lymph nodes, including the submental nodes. In three they have been found 
in the inguinal, axillary and deep cervical lymph nodes and in fact during the 
first week they have been found in practically all the lymphatic nodes. Within 
twenty-four hours they can be found in the mesenteric lymph nodes in large 
numbers, especially in the ileocolic nodes. It appears from these findings that 
the blood and lymph streams constitute the important paths of migration. 

Dr. Cort called attention to the fact that Tanabe has reported Echinostotna 
perfoliatum var. japonicum from man. Encysted stages of this worm were first 
discovered in fresh water fish and fed to dogs, producing the adult worms. 
Subsequently echinostome eggs were found in human feces, and it was surmised 
that these came from worms of the same species. To settle this point, Tanabe 
ate some of the encysted forms from fish and developed in himself worms 
giving rise to eggs apparently identical with those found in feces in the first 
instance. 

Dr. Cort also presented a summary of our knowledge in regard to the 
course taken by the larvae of Schistosoma japonicum from their entrance by 
way of the skin to their final destination in the blood vessels. This point has 
been contested at some length by Japanese workers. Miyagawa has examined 



Digitized by 



Google 



SOCIETY PROCEEDINGS 197 

dogs to ascertain the course of the larvae and concludes that the larvae go by 
way of the venous or lymphatic systems to the heart and lungs, thence to the 
arteries of the liver and intestine, and thence to the portal system, passing 
two sets of capillaries. Narabayashi infected young mice and sectioned them 
in toto and concludes that the worms go to the heart by way of the venous 
system and, in smaller numbers, by way of the lymphatic system, some of them 
dying in the lymph nodes; from the heart they go to the lungs, and from here 
they proceed in small numbers along the path indicated by Miyagawa, but much 
the larger number of larvae pass from the lungs to the pleural cavity and 
mediastinum, migrate through the loose connective tissues to the liver and 
thence into the portal system. Narab^yashi*s conclusions are confirmed by 
another Japanese worker. The schistosome is a blood voyager and grows but 
little until it reaches the liver, whereas Paragonimus is a tissue and cavity 
migrator, traveling slowly and growing rapidly as it migrates, and apparently 
maturing about the time it reaches the lungs. 

Dr. Tubangui noted that an Echinochasmus is present in the dog in China. 

Mr. Chapin exhibited a specimen of a tapeworm from the whale, Balaenoptera 
musculis. This worm has a very odd unarmed scolex. The scolex in the 
unattached worm is cylindrical, but after insertion in the intestinal mucosa the 
scolex becomes spherical, thereby attaching the worm to the mucosa by a 
riveting action. 

Dr. Stiles presented the following note : 

A THIRD CASE OF GONCYLONEMA FROM MAN 

Up to the present time, two cases of Gongylonema in man have been reported. 
Th6 first case was reported by Ward, the worm occurring in the lower lip of 
a girl in Arkansas. Ward suggested that the worm might be G. pulchrum. 
The second case was reported by Stiles, the worm occurring in the lower lip 
of a girl in Florida. The present case, the third, involves the occurrence of 
the worm in the mouth of a girl in Georgia. The worm in this case is badly 
macerated, but a part of the cuticle is intact near the head and this shows the 
presence of two of the characteristic bosses. The specimen is a female, 35 mm. 
long and with the uterus post-equatorial. Almost all of the anterior cuticle 
is lost by maceration. In the first two cases recorded, the presence of the worm 
was accompanied by pronounced irritability on the part of the patients. This 
finding, in connection with the previous records, raises the question as to 
whether it is a parasite of some animal other than man which is accidentally 
present at times as a parasite of man, or whether it is a parasite of man now 
being found but previously overlooked. For the purpose of scientific record 
it is better to keep a doubtful species distinct, even though it is later necessary 
to suppress a name as a synonym than to take the chance of confusing two 
things under one name, with the more serious difficulty of disentangling bio- 
logical facts. For the Gongylonema from man the name Gongylonema hominis, 
species inquierenda, was proposed with Ward's specimen as type material. 

Dn Stiles also reported that in experiments on gas house tar it had been 
found that the tar could be set on fire by the use of paper and that precau- 
tions were being taken, in connection with the use of this substance to pre- 
vent fly breeding in feces, to safeguard against fire in its use. 

Dr. Hall presented the following notes: 

A NEMATODE WITH SIX UTERI 

A nematode collected from the mesenteries of the puff adder, BUis arietans, 
by Dr. H. H. Curson of Grahamstown, South Africa, was found to have six 
uteri. On comparison with the descriptions in a recent paper by Baylis, this 
material appears to be Polydelphis quadricorms. Baylis lists a total of four 
species of Polydelphis as having six uteri, which is the maximum known among 
the nematodes. 
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FILARIA NYCTICEBI MOENNIG, 1920 

A parasite recently described from Nycticebus tardigradus in the Central- 
blatt Bakt., Parasitenkunde, etc^ is evidently a Rictularia, as the description and 
figures clearly show. To avoid confusion in the consideration of species of 
Filaria and of Rictularia, the species is here transferred to Rictularia as 
R. nycticebi (Moennig, 1920). 

GID IN SHEEP IN COLORADO 

Under, date of January 13, 1921, Dr. W. E. Howe reports the occurrence 
of gid in sheep at Calhan, Colo^ a coenurus from the brain of one animal 
being sent in to the Bureau of Animafl Industry at Washington, D. C. This 
disease has been reported previously from Colorado by Newsom and has twice 
been diagnosed as present in that state on somewhat uncertain symptoms by 
the veterinary editor of the Sheep Breeder's Gazette. The history of these 
cases indicates that the infection originated in Montana, where gid has been 
enzootic for over thirty years. 

STEPHANURUS DENTATUS AS A PARASITE OF CATTLE 

Two worms collected from the small bile ducts of a bovine (whether steer, 
cow, calf or bull not stated) by Dr. T. B. Pote at an abattoir in St. Louis, 
Mo., were sent in to the Zoological Division of the Bureau of Animal Industry 
by Dr. J. J. Brougham on January 15, 1921, with a report to the effect that 
they appeared to be the common kidney worm of swine. This identification was 
confirmed. The worms were both males of Stephanurus dentatus. This para- 
site has heretofore been reported only from swine. The life history according 
to Bernard and Bauche is as follows: The eggs from female worms in the 
perirenal fat enter the ureters through fistulous tracts as a rule and pass to 
the exterior in the urine. The young worms hatch and develop to the infective 
stage. In this stage they may enter the host animal by way of the skin or 
the mouth. Iii the first case, evidently the normal mode of infection, the 
worms develop in the vicinity of the kidneys. In the second case the worms 
develop in the liver, as a rule, though they have been found in various other 
organs. Apparently therefore the infection, in the case of the animal reported 
here, took place by way of the mouth. 

The fiftieth meeting of the society was held February 26, 1921. 

Mr. Ackert presented the following note: 

THE LONGEVITY OF FOWL TAPEWORMS 

It is known that when certain cold-blooded vertebrates are kept in con- 
finement they quickly lose their cestodes. Opportunity to ascertain whether 
this phenomenon occurs in certain warm-blooded vertebrates was afforded 
during the last two years in connection with studies on the life histories of 
chicken cestodes. The chickens under observations were hatched on farms 
near Manhattan, Kan., and had free range of the premises. When slightly over 
itour months of age, they were passing cestode proglottids. At this time they 
were placed in a small third-story room and given food free from animal tis- 
sues except an occasional feeding of fresh beef. In midwinter they were trans- 
ferred to an equally small screened pen with cement floor. 

The subsequent intestinal examinations yielded the following results: 
Chick 324 retained a heavy infestation with Davainea cesticillus for four months. 
Chick 287 showed a heavy infestation with D. tetragona and D, echinobothrida 
after five months. Chick 286 had an infestation with forty-eight D, tetragona 
and D. echinobothrida, and two D. cesticillus after six months. Chicks 287 
and 268 had lost all oi their tapeworms in eight months. Chick 269 retained 
318 tapeworms for eight months, the species represented being D. tetragona, 
D. echinobothrida and D. cesticillus. Chick 315 had thirty-eight D. cesticillus 
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and one D, tetragona after thirteen and a half months. Chick 284 had lost all 
of its cestodes in fourteen months. Chick 283 had six D. echinobothrida and 
Chick 285 two D. echinobothrida after fourteen and a half months. 

In summarizing it is seen that of ten infested chickens placed in close con- 
finement, three lost their cestodes in from eight to fourteen months, and seven 
retained tapeworms during pi^riods ranging from four to fourteen and a half 
months. The species of cestodes retained included £>. cesticillus, D. tetragona 
and D, echinobothrida. 

In comment, Dr. Hall noted that an amphistome had recently been reported 
from a zebra in the London Zoological Gardens under circumstances indicat- 
ing that worms of the species in question might live at least eight years. 

Dr. Cobb raised the question as to the exact action of the hooks on tape- 
worm heads. In reply, Dr. Stiles stated that these hooks may be observed to 
work together in a coordinated fashion or in an irregular and incoordinated 
fashion, each hook apparently acting individually. 

Dr. Cobb exhibited some pieces of apparatus for examining specimens in 
liquids, the apparatus being designed to orient the specimens, especially nema- 
tode worms, for observation from different points. Mounted stage forceps were 
attached to different types of tanks in such a way as to permit of rotating the 
object in all planes. 

Dr. Tubangui presented an abstract of a paper describing a new fluke, a 
species of Prohemistomum, from the dog in China. This fluke is 1.5 to 2 mm. 
long by about 1 mm. wide. The genitalia are similar to Pr. appendiculatum, 
but there is no distinct attaching disk. 

Dr. Tubangui also gave a discussion, illustrated by figures, in regard to 
the genus Opisthorchis and related genera. Blanchard listed over twenty species 
of Opisthorchis. Looss made the genera Metorchis and Holometra and asso- 
ciated them with Opisthorchis in the subfamily Opi^horchiinae. Later the 
genera Clonorchis, Amphimerus and Paropisthorchis were established. 
Clonorchis was based on the branching testes, Amphimerus on the separation 
of the vitellaria into anterior and posterior portions, and Paropisthorchis on 
the presence of an acetabulum borne on a papilla. Notaulus was based on the 
presence of testes filling the entire width of the posterior body. Luhe created 
the subfamily Clonorchiinae for forms with a dorsal excretory pore. All of 
these genera, except Opisthorchis, are open to criticism. The species left in 
this genera may be divided into two groups. One group, represented by 
O. simulans, has follicular, much-lobed ovaries, the vitellaria extending from 
the middle of the body to the ovaries. The other group, represented by 
O, feUneus, has smoother lobed ovaries and the vitellaria are posterior to the 
acetabulum or ovary. But intermediate forms, as regards these features, are 
found. Species of Amphimerus may have an acetabulum borne on a papilla, 
as in Paropisthorchis. 0. obsequens has branched testes and might be con- 
sidered either an Opisthorchis or a Clonorchis. Similar objections may be 
raised to the feature forming the chief character of the genus Amphimerus. 

Dr. Stiles suggested the possibility of determining variation within a species 
by mass infection from a single parent parasite. 

Dr. Barlow noted that there was considerable difference between specimens 
of Fasciolopsis buski collected from a 9-year-old child and those from a man. 
Egg production may begin in a specimen 8 to 9 mm. long from a child, while 
in specimens of the same size collected from adults no uterine structure is 
visible. 

Dr. Bartsch noted that mass studies on snails had shown no variation in 
species he had thus investigated, the species appearing as if cut in a die, 
whereas other species are very variable. Species transplanted from the Bahamas 
could not be crossed on very similar species in Florida under very similar 
environments, whereas the Bahama species could be crossed on other species 
in the Bahamas apparently quite dissimilar and unrelated. 
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Dr. Cort stated that the variations in Fasciolopsis could be largely explained 
by differences in technique, most of the variations being those of size and shape. 

Dr. Barlow noted that these changes were produced by the live fluke in 
movement and by the effect of fixing fluids, the changes produced by move- 
ment while alive not being present in preserved specimens. The fluke with 
spines anteriorly but not posteriorly is produced by the administration of 
B-naphthol as an anthelmintic, the posterior part being killed and deprived of 
its spines. 

Dr. Cobb noted that different effects are produced in the appearance of 
worms by killing with heat and by killing through effects on the nervous system 
or otherwise. 

Dr. Hall noted that worms obtained by anthelmintics were subject to the 
destructive action of the anthelmintic, carbon tetrachloride being especially 
destructive to hookworms, and were also subject to the digestive and macerative 
effects of the intestinal contents. Worms which pass out after long intervals, 
as in the case of stomach worms of sheep when removed by copper sulphate 
or ascarids of horses when removed by the use of carbon bisulphide, are 
usually very much distorted and macerated and often fragmented. 

Dr. Barlow noted that B-naphthol frequently produces holes, having the 
appearance of being punched out, in specimens of Fasciolopsis. 

Dr. Stiles noted that if man were studied and described on the basis of 
variations accepted as satisfactory in the case of flukes, the human group 
could' be separated into a large number of species, if not of genera. 

Mr. Chapin reported the findings in a postmortem examination of an African 
wolf, Lycaon pictus. Headless chains of Taenia pisiformis were found in the 
stomach. Fifty specimens of 7. pisiformis, twelve heads and twenty gravid 
segments of a worm very similar to the adult Echinococcus granulosus, and 
one Toxascaris, apparently T, limbata, were found in the small intestine. The 
Echinococcus does not appear to be the common species, £. granulosus. It is 
larger and has a head and five segments. Two complete worms were found to 
measure each 5.04 mm. in length. Lindenfeld has reported a form from the 
dingo which is 10 to 30 mm. long, and Johnston has noted that this is either a 
new species or represents the young strobilla of a species other than E. granu- 
losus. The hooks of the species from the wolf differ in size and shape from 
those of E. granulosus, A comparison was also made with Taenia oligarthi-a. 

Dr. Stiles reported two new cases of Diphyllobothrium latum, one from 
Florida and one from Connecticut. No history of the cases known. 

Dr. Stiles also noted that the use of sawdust for admixture with night soil 
had been legally recognized in some community in its ordinances, this recog- 
nition antedating the development of the use of this substance in his investi- 
gations. In comment. Dr. Barlow stated that sawdust had been used in China 
for centuries for mixing with night soil. 

Dr. Barlow presented a very interesting note on what he terms fascio- 
lopsiniasis, noting its occurrence in China with special reference to Che-Kiang 
province and defining it in part as a subacute or chronic disease associated with 
the presence of Fasciolopsis and resulting in asthenia and death, probably as 
a result of intoxication. The fluke is the largest of the human flukes and may 
be 104 mm. long by 18 mm. wide. The flukes may occur from the stomach to 
the colon, and are sometimes vomited. They attach to the mucosa and patients 
complain that they can feel the movement of these parasites. Oil of turpentine 
is used by the natives as an anthelmintic to remove them. B-naphthol has 
proved the most satisfactory remedy, used in doses of 60 to 75 grains, divided 
into three portions. There is a marked pallor in this disease, but apparently no 
true anemia. There are two types of the disease, one with and one without 
edema. Diarrhea and indigestion are prominent symptoms. There are about 
one and one-half million cases in the endemic area. Whole families are some- 
times wiped out by the disease. The prophylaxis is apparently too general to 
impress the natives. One native treatment consists in burning the skin with 
punk. Numerous statistics were given showing how very severe the infesta- 
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don may be and how serious this disease is. The talk concluded with the 
exhibition of photographs and specimens, one of the exhibits being an artificial 
tapeworm made by stringing these flukes end to end on a thread to form a 
string 100 feet long, the flukes in this chain being passed by one patient after 
a single treatment. 

Dr. Hall presented the following note: 

CODIOSTOMUM STRUTHIONIS FROM STRUTHIO CAMELUS 

Under the name Sclerostomum struthioms, Horst in 1885 described a worm 
belonging in the Strongylidae from the ceca of Struthio molybdo phones, the 
ostrich of Northern Africa. This worm was placed by Railliet and Henry in 
1911 in the new genus Codiostomum as the type species, and is as yet the only 
species of the genus. Recently specimens of this worm were forwarded for 
identification to the Zoological Division of the United §tates Bureau of Animal 
Industry by Dr. H. H. Curson of Grahamstown, South Africa, with a label to 
the effect that they were collected from the stomach of Struthio camelus, the 
ostrich of South Africa. This worm can not be confused with Strongylus 
douglasi Cobbold, 1882, emend. Gedoelst, 1911, which has been referred to the 
genus Trichostrongylus by Theiler and Robertson in 1915. Trichostrongylus 
douglasi is a very small form with the small trichostrongyle head, without 
buccal capsule; Cod. struthionis is a much larger form with a well developed 
buccal capsule and corona radiata. 

Maurice C. Hall, Secretary. 
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The American Journal of Hygiene. Edited by William H. Welch, with the 
assistance of a corps of scientific collaborators. Vol. 1, No. 1, Balti- 
more, January, 1921. 

The appearance of the first number of this new Journal published under the 
auspices of the School of Hygiene and Public Health at Johns Hopkins Uni- 
versity and supported by the DeLamar Fund, calls for more than passing 
mention. The new Journal is devoted to the publication of papers represent- 
ing the results of research in the field of Hygiene using the term in its broad- 
est sense. Numbers will appear bi-monthly and constitute an annual volume 
of about six hundred pages. 

In his editorial introduction Dr. Welch emphasizes the increasing activity 
in this country in departments of public health and the emphasis being laid 
by them on scientific investigation. He comments further on the scattered 
sources in which this material has appeared and the lack of opportunity for 
its publication and expresses the hope that the new Journal may have its 
share in the promotion and distribution of this new knowledge. 

Four out of the five articles in the first number fall in the field of Para- 
sitology. These are: an extensive study on the Development of the Japanese 
Blood-Fluke in its Final Host, by W. W. Cort, an Experimental Study of the 
Intracranial Parasitism of the Human Lung Fluke, by Yokogawa and Suyemori, 
On Relationship of Hookworm Infection to the Health of Men in a United 
States Army Camp, by Kofoid and Tucker, and finally. Recent Experimental 
Studies on Yellow Fever, by Noguchi. 

All workers in this field will recognize both the value of such a publica- 
tion and its opportunities in this field. The best wishes of all may surely be 
extended to the editor and his associates for the future of the publication so 
auspiciously begun. 

Essentials of Tropical Medicine. By Walter E. Masters. Published by 
William Wood & Company, New York. 

An American edition of an English work of recent date, the Essentials of 
Tropical Medicine, by Walter E. Masters, presents in summary fashion and 
from* the standpoint of the man in the practice of medicine, the essentials of 
a subject which is rapidly outstripping in range all other specialized branches 
of medical science. It deserves the designation .of a vade-mecum for the 
student and the busy tropical practitioner, a designation already given it by 
the author. 

The method of organizing the material and the type of treatment accorded 
it are not attractive to the eye because of the numerous paragraph headings 
in heavy type and the exceedingly concise sentences which make up the text. 
At the same time it is easy to see that this treatment brings an enormous 
amount of material within a narrow compass and sets it out in a way to make 
the individual phases catch the eye of the worker promptly. 

The work covers in successive chapters diseases due to protozoa, bacteria, 
helminths, venoms, poisons, etc. A wise feature and one that is not ordinarily 
found in a work of this type is the devotion of the closing chapter to labora- 
tory hints. While these are in part elementary, they will serve adequately the 
purposes of the worker in the field to refresh his mind if he has forgotten the 
routine of laboratory procedure, and bring up before him a multitude of minor 
precautions which in the absence of such instructions are very likely to be 
overlooked, bringing trouble and often unexplained defeat. The figures, while 
not abundant, are on the whole very well selected and reasonably well pro- 
duced. The work will serve a valuable purpose, and is worthy of commendation. 
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Infections Parasitaires. Tome XIV, Traite de Pathologic Medicale et de 
Therapeutique Appliquee. By Neveu-Lemaire, Ameuille, J. Troisier, 
Paisseau, Gouzien, Abrami, and Ramond. Published by A. Maloine & 
Sons, Paris. 

This recent extensive work in French has brought to the parasitologist and 
those interested in the field a large amount of valuable information in a form 
that is at once attractive and thoroughly useful. Parasites are grouped in 
accordance with the diseases to which they give rise, and following hard 
upon a brief but good discussion of generalities in parasitic diseases, separate 
chapters are devoted to Helminthiases, Myiases, Protozooses, and Mycoses. 
Under each heading a disease producing organism, the etiology, pathology, 
symptomatology, treatment, and prophylaxis of the disease are discussed 
in order. 

The text is admirably up to the limits of present knowledge and the illus- 
trations are in the main good. The majority of them are re-drawn for this 
work and are well executed. At some times one finds a little tendency towards 
too schematic or barren a presentation. This may doubtless be explained on 
the basis that the authors have sought to represent what the stucjent will 
actually see under the microscope but this, while in a certain sense true, is not 
adequate justification for omitting details of structure which could be readily 
observed on careful study by anyone who had been trained in microscopical 
work. 

The amount of space * devoted relatively to the different topics is on the 
whole well balanced. The chapter on worms falls a little short of what would 
be useful to workers, in this field and the section on protozoa is distinctly 
deficient in range. On the other hand, in the presentation given the student 
finds it possible to diflFerentiate between those things which are established 
and those that stand at present in a more or less uncertain position. However, 
there are a number of important complaints which have received scanty con- 
sideration at the hands of the authors. Probably these limitations in the text 
are self-imposed by the desire of the authors to find a middle ground between 
the expressive brevity that leaves the mind in constant doubt as to the exact 
situation and the monographic ponderousness which conceals the essential facts 
in a mass of collateral details. If this be the end desired, it has been reason- 
ably well attained for the book will serve practical purposes adequately in 
most instances. 

The appearance of the subject volume on Roundworms in the Index- 
Catalogue of Medical and Veterinary Zoology by C. W. Stiles and A. Hassall, 
calls for more than passing notice. No publication of equal scope has ever 
been carried to conclusion, and with the increasing complexities of the litr 
erature, no publication will. be more genuinely welcomed than this volume in 
the series dealing as it does with a greatly confused group in which even the 
expert worker finds it difficult to trace his pathway. With the earlier volumes, 
this gives to workers in parasitology reasonably complete references to the 
literature of all groups of parasitic worms and, in conjunction with the author 
index, is a comprehensive and invaluable aid that should be at the side of 
every worker in these subjects. 

Of course the work will not do away with libraries; in fact it renders them 
even more necessary for it is in itself only an extensive and highly abbre- 
viated set of references which can be interpreted only with the author index 
and an adequate library. One must regret that delays incident to the appear- 
ance of these publications bring in 1921 a subject index to literature that does 
not extend beyond j 911. 

Especial attention shbuld Be cialled, even at this late date, to the work of 
Wohlbach on Rocky Mountain Si^ofted Fever {Jour. Med. Res., 41 : 1-197, 21 pi.). 
The demonstration of a micro-organism named Dermacenfroxenus rickettsi in 
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the tissues and eggs of infective ticks, and the undoubted developmental phases 
present in ticks that were infective and absent in non-infective individuals, 
together with its occurrence in the lesions characteristic of the disease in man, 
monkey, rabbit, and guinea pig are evidence of its relation to the disease even 
though the author was unable to cultivate it. Apart from the morphological 
data worked out with great care, parasitologists will find of distinct interest the 
discussions of the relation of the parasite and the disease to Tsutsugamushi 
disease, discussed in the Journal for December, 1920. 



NEW HUMAN PARASITE 



Eimeria snijdersi Dobell 1921. — Dr. E. P. Snijders recorded (Parasitol., 12: 
427-432, figs. A-D) the discovery at Medan, Sumatra, in the stool of a 
patient ten years in the tropics oocysts of an Eimeria diflFering from others 
previously described from man. Dobell agrees with Snijders that they 
represent a new species which he describes as follows: Oocyst colorless, 
spherical, 40-48m in diameter. Spores fusiform, equally pointed at both 
ends; length 20-25m, width in middle 7-8/*. Oocystic residue small, granu- 
lar. Sporocystic residues in the form of one or two small refractile spheres. 
No crystalline bodies — ^like those of E.oxyspora — ^visible at the posterior 
ends of the sporozoites (Parasitol, 12:433-436, issued Jan. 10, 1921). 



NOTES 



Especial attention should be directed to the report of the Committee on the 
Pedagogics of Medical Zoology and Parasitology published in the Proceed- 
ings of the Association of American Medical Colleges (30: 167-176). The 
Committee was composed of Doctors E. R. Stitt, William H. Park and A. I. 
Kendall, chairman. The report presents the results of a questionnaire, the 
analysis and critique of the committee, an ideal program, and the discussion 
which followed the presentation of the report at the meeting of the Associa- 
tion in (Chicago in March, 1920. 

Professor von GraflF, referred to in the preceding number of the Journal 
(7: 156), is happily not dead tho he has been compelled to retire from service 
and is now in a sanitarium. 



ERRATA 

In The Journal (September, 1920), Vol. VII, p. 16, line 3 from bottom, 
for Leptomonas gracilis read Leptomonas biitscMii; p. 17, line 5 from bottom, 
for chromated read chromatoid; p. 19, line 13, for Herpetomonads read Her- 
petomonas; p. 19, line 29, for artifically read artificially; p. 20, line 5, for 
Lacerara read Lacerta; p. 21, line 21, for occur read occurs. 
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